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Thesis Abstract 
Obesity is a public health concern in both high- and low-middle income countries. In South 
Africa obesity is not only limited to adults but is also evidenced in children. In order to 
contribute useful insights for developing effective obesity policy and programme interventions, 
this study assesses socioeconomic (SE) inequalities related to childhood obesity in South Africa. 
Using data from the South African National Income Dynamics survey (2012), the study assesses 
the extent of SE inequalities in obesity using concentration index (CI). The study also assesses 
the determinants that underpin these inequalities using decomposition analysis of the CI.  
Overall, the positive CI from the results indicates that the burden of obesity is more 
concentrated among the rich compared to the poor with girls having slightly greater SE 
inequalities compared to boys. The decomposition analysis further indicated that the 
determinants of these inequalities were an interplay of individual (i.e. race), household (i.e. 
household head characteristics) and contextual (i.e. household location) level factors. These 
findings suggest that there is a continuous need for surveillance of obesity in children over time 
across different social economic status (SES) especially in low- and middle- income countries. 
Finally, the results suggest that both childhood obesity and inequalities are complex issues with 
different underlying determinants that vary with the different SES, gender and may require 
coordinated policy and programmatic interventions at individual, household and contextual 
level.  
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1.1 Background 
Overweight and 1obesity have become a public health problem in low and middle income 
countries (LMICs) especially among those whose economies are transitioning from developing 
to developed (de Onis et al. 2010; Ng et al. 2014). Such countries include South Africa (SA), 
Brazil and China (Popkin et al. 2012). In the past, the burden of obesity in LMICs has been 
positively associated with increasing socio-economic status (SES), suggesting that being socio-
economically disadvantaged was protective against obesity (Sobal & Stunkard 1989). However, 
to be socio-economically disadvantaged is actually a risk factor particularly for individuals 
within countries experiencing economic growth accompanied by high industralisation, 
globalisation, urbanisation and nutrition transition (Sobal & Stunkard 1989; McLaren 2007; 
Zhang & Wang 2004; Drewnowski & Popkin 1997). Therefore, it is hypothesized that as a 
country undergoes economic transition, the burden of obesity increases faster among the 
socio-economically disadvantaged compared to the more advantaged individuals (McLaren 
2007; Monteiro et al. 2004). Although, economic growth is a desirable and necessary goal for 
developing countries, socio-economic (SE) inequalities in health contributed by obesity are 
likely to persist and emerge in LMICs countries in the absence of concerted national public 
actions to prevent obesity (Monteiro et al. 2004). 
Studies have shown a positive association between obesity and devastating consequences such 
as non-communicable diseases (NCDs) (Lobstein et al. 2004; Abegunde et al. 2007; Mayosi et al. 
2009; Alwan et al. 2010). These NCDs include: type two diabetes, cardiovascular diseases, 
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 The term obesity refers to abnormal or excessive fat accumulation which may have adverse effects on the health and well-
being of the individual (World Health Organization 2015). 
3 | P a g e  
 
chronic respiratory diseases and cancer. Therefore, SE differences in obesity suggest that we 
should similarly expect SE inequalities in these obesity related diseases. SE inequalities in health 
are wrong mainly because they are an expression and a product of unjust economic, political 
and social institutions (Whitehead 1992). Although inequalities in health particularly infectious 
diseases in LMICS have received substantial attention in both public health and economics, little 
attention has been given to NCDS and their risk factors. 
1.2 Problem Statement 
South Africa (SA) has amongst the highest prevalence rates of childhood obesity in Africa 
(Muthuri et al. 2014; Reddy et al. 2009) and these rates are comparable to those found in HIC 
more than a decade ago (Armstrong et al. 2006). For example, Armstrong et al. (2008) reported  
that the prevalence of obesity (3.2% and 4.9% respectively for boys and girls) between 2001 
and 2004 among South African children aged 6 to 13 years  were similar to the prevalence rates 
of obese children from HICs including United States of America (1976 and 1980), Scotland 
(1994) and England (1994). Furthermore, this study by Armstrong et al. (2008) demonstrated 
that the doubling of obesity rates occurred in such a small period (6 years) of time when 
compared to studies from USA among children aged 12 to 19 years (13 years).  
Obesity has been highlighted as a major risk factor contributing to NCDs in SA (Wu et al. 2015).  
Existing evidence suggests that childhood overweight and obesity are contributing to the NCDs 
burden in South Africa (Skaal & Pengpid 2011; Rossouw et al. 2012). In 2011, NCDs accounted 
for 34.4% of years lost in SA (Ataguba et al. 2015). Recently, Ataguba et al. (2011) reported an 
increased occurrence of NCDs among the less socio-economically priviledged groups. These fast 
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growing trends of NCDs among the socio-economically disadvantaged are likely to strengthen 
or contribute to the already existing SE inequalities in health and quality of life in SA. This is 
owing to the recently more pronounced distribution, utilization and benefits of health services 
among the rich compared to the poor (Stuckler et al. 2011; Ataguba & McIntyre 2013). 
Moreover, research has shown the poor to suffer more from infectious diseases (mostly 
referred to as diseases of the poor) such as tuberculosis and HIV (Harling et al. 2008; Ataguba et 
al. 2011; Ataguba 2013). Inequalities in health such as these are exacerbated by income 
inequalities. SA faces the highest income inequality levels with a Gini coefficient2 of 65 based on 
expenditure data (per capita excluding taxes) in the year 2011 (The world Bank 2015). 
According to Statistics South Africa (2014), the richest 20% of the population accounted for 
over 61% of consumption while the bottom 20% shared 4,5% in 2011. It is therefore of utmost 
importance that the developed policies aimed to reduce SE inequalities in health provide 
everyone equal opportunities in health and productivity. An important step towards achieving 
this involves generating evidence on the presence and the extent of inequality rather than 
relying on intuition which might be misguiding (Zere & McIntyre 2003; Whitehead 1992).  
Previous studies have attempted to shed light on the presence of SE inequalities in childhood 
obesity. With the use of race as a potent indicator of SES, Reddy et al. (2009) found higher rates 
of obesity among the white adolescents compared to the 3Black African, Coloured and Asians 
implying that having a high SES was associated with obesity. During the apartheid era, the white 
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 Gini coefficient measures the degree of inequality with regards to income distribution where a value of zero 
means perfect equality and 100 means perfect inequality (The world Bank 2015). 
3
 The use of the terms ‘Black African’, ‘White’, ‘Coloured’ and ‘Asian’ reflects a statutory stratification of the South 
African population during the apartheid era (Coovadia et al. 2009). 
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minority benefited from discriminatory policies (Coovadia et al. 2009). On the other hand, the 
majority (blacks, Asians and coloured) were limited to low quality healthcare, education and 
were confined to physically impoverished areas (Coovadia et al. 2009).The findings of Meko et 
al. (2015) further emphasized the presence of SE inequalities in obesity through the use of 
parents’ occupation as a measure of SES. They reported a higher burden of obesity among 
children whose parents had graduate occupation than those with parents working as casual 
labourers. The same findings were seen in an earlier study carried out in the 4THUSA BANA 
project in Northwest (Kruger et al. 2006). The above findings were further supported by 
evidence  that   found a positive association of 9 or 10 years SES measures with higher Body 
Mass Index (BMI) (Griffiths et al.2008). However, there have been contrasting results showing 
weak and inconsistent associations between BMI and SES measures among 16 year old children 
(Griffiths et al. 2013). In spite of the strength and direction of the association, these studies 
have confirmed the presence of SE inequalities in obesity among SA children. 
Even though the need to measure SE inequalities for the purposes of education and advocacy 
between decision makers and the general public is urgent, it is not sufficient to effect 
sustainable change on its own (Victora et al. 2003). Development of more effective policies that 
unravel and quantify the contributions of SE inequalities has the capacity to identify and 
address the root causes of SE inequality in childhood obesity (Uthman 2009). It has been argued 
that results from these analyses indicate more specifically the type of policies and where 
resources should be directed (Uthman 2009). Concentration index (CI) is one of the methods 
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that has been used to quantify SE inequalities in health outcomes across a continuous measure 
of SES providing a single measure of SE inequality (Wagstaff et al. 1991). Such health outcomes 
include: childhood obesity (Walsh & Cullinan 2014) and health utilizations (Van Doorslaer et al. 
2004). Moreover, the single measure can further be decomposed into separate contributions 
where the impact of individual level regressors on the gradient can be computed. This means 
that the factors which drive the SE inequality can be pinpointed. 
Studies in SA such as Meko et al. 2015; Griffiths et al. 2008; Kruger et al. 2006 have clearly 
revealed SE inequalities in childhood obesity. However, neither of these studies quantified the 
extent of these inequalities using CI. In addition, none of these studies used a nationally 
representative dataset nor decomposed the factors that might be driving the gradient. This 
study aimed to fill this gap by using the recent  South African National Income Dynamics Survey 
(SA-NIDS). However, this study will only focus on children between 2-14 years of age. Theory 
has suggested that SES of the environment external to the household becomes more important 
for children who are above 14 years of age than SES of the household (West 1997). The reason 
for excluding children below 2 years is discussed further in the methods section. 
1.3 Justification 
The SA National Department of Health 2013-2017 Strategic Plan for Prevention and Control of 
NCDs placed great emphasis on the need to reduce obesity and other NCDs risk factors 
(National Department of Health 2013). In order to formulate effective policies to reduce the 
prevalence of childhood obesity and overweight, policy makers require evidence of not only the 
prevalence but also its distribution. Thus, this study set out to identify SE population groups 
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that were at a risk or that had a high prevalence of obesity in order to inform and guide obesity 
prevention strategies. In addition, documenting existing disparities between the least and most 
advantaged social groups is important for monitoring trends and the effectiveness of 
intervention measures (Singh et al. 2010; Singh et al. 2008). The decomposition analytical 
technique will be used to assess enable the contribution of each determinant of obesity on SE 
inequality in obesity, hence providing important information for policy makers to design 
effective strategies to reduce SE inequalities in obesity.  
1.4 Research question 
To what extent do SE inequalities exist in childhood obesity in South Africa, and what 
underlying determinants of childhood obesity can explain these inequalities? 
1.5 Objectives 
This study seeks to address the following objectives 
1. To quantify SE inequalities in childhood obesity; 
2. To decompose the observed SE inequalities in childhood obesity into non-modifiable 
and modifiable determinants of obesity; and 
3. To identify the most at risk groups for effective interventions. 
1.6 Conceptual Framework and study conceptual Framework 
The aetiology of obesity is multifaceted and complex (Conway & Rene 2004; Walsh & Cullinan 
2014). Physiologically, obesity is a result of long-term imbalance between energy intake and 
expenditure which are influenced by biological and environmental factors (Poston & Foreyt 
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1999). For this reason, approaches to obesity management and prevention have mainly been 
behavioural, educational and pharmacological (Swinburn et al. 1999). This meant that, the 
solution to obesity was individual responsibility. It is important to note however, that these 
approaches have not been successful in decreasing the obesity epidemic despite the fact that 
such interventions might be helpful (Golay et al. 1996). This is because these approaches fail to 
address the larger SE, political and environmental forces that shape these behaviours. As a 
result, emerging research from Zhou & Cheah (2015); Harrist et al. (2012); Swinburn et al. 
(1999); Davison & Birch (2001) and Reed et al. (2011) suggested need for trans-disciplinary 
understanding of obesity through ecological perspective. Glanz & Rimer, (1997) asserts that the 
ecological perspective which encourages and highlights all the levels of influence can be used to 
support long-term healthful lifestyle choices. Consequently, this approach has been used in 
childhood obesity research and prevention efforts (Lytle 2009; Lobstein et al. 2004; Birch & 
Ventura 2009). Despite the growing evidence of the importance of an ecological approach to 
understanding obesity, there is limited research using this approach to study childhood obesity 
in LMICs. The ecological perspective postulates that changes in an individual outcome are not 
only influenced by individual level but by also other contexts in which a person is embedded in 
(Ohri-Vachaspati et al. 2014). The link between the individual factors and other contexts are 
described by United Nations International Children Emergency Fund (UNICEF) conceptual 
framework of child malnutrition. 
The study framework (see Figure 1) recognizes that child malnutrition is a biological 
manifestation of immediate causes that happen at individual level which are deeply rooted in a 
set of underlying causes at household level and basic causes at society level (UNICEF 1990). This 
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framework has been applied to various studies by Silveira et al. (2014); Beatriz & González 
(2014) and Kamiya (2011) to tackle the issue of malnutrition although not specific to obesity. 
However, although the framework has been criticized for being unidirectional (Davison & Birch 
2001), its strength is its flexibility, meaning its vague ecological levels permits the emergence of 
different causal patterns in different contexts (UNICEF 1990).  
Based on the framework (figure 1), the basic causes determine how resources are distributed in 
the society resulting in social stratification leading to differential exposures to both underlying 
and immediate causes coupled with different vulnerabilities to obesity incidence, severity and 
subsequent social consequences. Therefore, this study is interested in determining which 
underlying factors are contributing to SE inequalities in obesity. These underlying factors will be 
categorized into individual, household and community with major focus on the last two 
categories. 
1.6.1 Underlying factors  
1.6.1.1 Education level of the caregiver 
A 2008 systematic review found positive association with childhood overweight/obesity for 
parental education LMICs (Shrewsbury & Wardle 2008) This meant that higher level of 
education of the parents is associated with obesity. Education of the parent influences 
nutritional knowledge and income levels which in turn influence the dietary patterns (quantity 
and type) and sedentary lifestyles (Davison & Birch 2001; Farajian et al. 2012; Yabancı et al. 
2014; Roblin 2007; Averett et al. 2014) 
1.6.1.2 Food insecurity 
10 | P a g e  
 
Food insecurity is termed as: unavailability and inaccessibility of nutritionally adequate and safe 
foods (Franklin et al. (2012). Food insecure households in high and middle income countries are 
often reported to be at increased risk of obesity, because healthy food is often expensive and 
not readily available compared to high-calorie foods that are cheaper, limited in nutrients and 
readily available (Tanumihardjo et al. 2007).  
1.6.1.3 Environmental factors 
Popkin (1994) postulates that urbanization and socioeconomic transformation increases access 
to energy dense foods. Therefore, it was hypothesized, that upon exposure to urban areas, 
traditional diets are abandoned (Bourne et al. 2002). This is because urban areas have more 
fast food outlets and street hawkers selling  that are  refined carbohydrates and fat foods 
(Kruger et al. 2001). Also it has been suggested that during nutrition transition healthy food is 
often expensive and not readily available compared to high-calorie foods that are less 
expensive, limited in nutrients and readily available (Tanumihardjo et al. 2007; Dinsa et al. 
2012).  
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It is hypothesized here that these household factors (i.e. food security, employment status of 
the head of the household, mother’s education) and community characteristics (neighborhood 
safety, urbanicity and province) are unequally distributed across the different SE groups thus 
contributing to SE inequalities in obesity.  
Figure 1: Study conceptual framework 
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1.7 Methods and Analysis 
This section provides a brief description of the dataset. It further explains in detail how 
childhood obesity, SES and inequality will be measured. Lastly, the section explains how the 
decomposition analysis will be conducted.  
1.7.1 Data  
The 2012 wave three SA-NIDS dataset will be used to answer the research question. This survey 
was carried out by the South African Labour and Development Research Unit (SALDRU). It was 
commissioned by the South African presidency in 2006 to monitor SE progress of individuals 
within different population groups. The data is a national representative panel undertaken to 
estimate the livelihoods of South Africans. This means that the SA-NIDS documents the dynamic 
structure of a sample of households in South Africa. Full details of the NIDs can be obtained 
from De Villiers et al. (2013). In summary, NIDs is a nationally representative longitudinal survey 
that uses a two-stage sampling design to sample households in nine provinces of SA. In the first 
stage, 400 primary sampling units (PSUs) were chosen from a Statistics South Africa master 
sample of about 3,000 PSUs. 10,000 households were interviewed at the end of the third wave 
and data were collected between April and December 2012. (De Villiers et al. 2013). Of 
relevance for this study, for children below 14 years, the questionnaire was answered by the 
mother, caregiver or household member. 
1.7.2 Definition and Measurement of Childhood Obesity  
Body fat measures include waist circumference, hip circumference, fat mass index, and BMI and 
skin-fold thickness (Cole et al. 2000). This study will use BMI because publications have found it 
13 | P a g e  
 
to be a simple and robust measure with a high correlation with other measures of adiposity 
(Ahrens et al. 2014). Therefore, BMI will be calculated by independently dividing the weight in 
kilograms by the squared height in meters. Since the BMI varies with both age and sex in 
children, the use of age and sex specific cut-off points for BMI is recommended. As a result, 
there has not been any agreement on the international definition of obesity or overweight 
(Cole et al. 2000). It should be noted that instead there is a general consensus that childhood 
obesity prevalence should be reported using several references (Rolland-Cachera 2011). The 
commonly used definitions of child obesity internationally are those references specified by: 
International Obesity Task Force (IOTF), Centres for Disease Control and Prevention (CDC), and 
World Health Organization (WHO) (Gonzalez-Casanova et al. 2013; Ahrens et al. 2014). This 
study will use the IOTF classification based on four reasons: first, it is gaining increasing 
acceptance, the classification method was developed from a sample of international subjects 
which allows global monitoring (Neovius et al. 2004), the cut-off points are not arbitrary (Cole 
et al. 2000) and lastly the high specificity of IOTF cut-offs is important in identifying the most 
worrying cases of obese children and at the same time helps to differentiate childhood obesity 
which is as a result of being more muscular from that occurring as a consequence of body fat 
(Reilly & Wilson 2006). However, this method is not without any limitations. It is only applicable 
to children between the ages of 2 to 19. Because we are interested in the policy implications of 
obesity, the latter will be measured as a binary variable with 1 indicating being obese and 0 not 
obese. 
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1.7.3 Constructing a measure of Household SES  
Using CI to measure SE Inequalities requires the SES measure to be a continuous variable (Alaba 
& Chola 2014). For this reason, all the other measures such as education and occupation will be 
excluded but household income will be retained. However, collecting accurate data on income 
is difficult due to measurement errors arising from under-reporting, seasonality, recall bias and 
imputations especially in developing countries (Glewwe 1991). As a result, researchers have 
derived proxy measures of SES. Amongst these derived proxy measures, asset index has been 
used increasingly based on the following reasons: data can be easily collected, it is 
representative of the long term economic status, it is a convenient way of summarizing the 
living standards and lastly, it is useful as a control variable when estimating variables correlated 
with household wealth (Chuma & Molyneux 2009). The major problem with asset index is that 
the choice of asset variables and their weights are not grounded theoretically (Vyas & 
Kumaranayake 2006). Regardless of its disadvantages, studies such as Alaba & Chola 2014; 
Kamiya 2011; Hosseinpoor et al. 2012; and Vellakkal et al. 2013 have been increasingly 
adopting this approach rather than direct measures, particularly in LMICs. In this study, asset 
Index will be constructed using asset indicators that are grouped into household characteristics 
and household ownership of consumer durables. Due to lack of guidelines on how to select the 
range of assets to include in an index, variables will be selected on the basis of understanding of 
the study area, and their use in other studies ( Ataguba et al. (2011); Alaba & Chola (2014); 
Chuma & Molyneux (2009); Vyas & Kumaranayake (2006) and Hosseinpoor et al. 2012). 
Therefore, the following variables will be considered when constructing the asset index:  
 type of dwelling, roof, and wall material,  
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 access to safe drinking water, toilet, and source of energy for lighting and 
 Ownership of a car, landline, cell phone, TV, and radio.  
Households that did not respond will be excluded from the analysis. Furthermore, Principal 
Component Analysis (PCA) will be used to determine weights for an index of the asset variables. 
In so doing a continuous SES is created as shown in Equation one below (Filmer & Pritchett 
2001). Thereafter, households will be classified into SES quintiles based on the asset score with 
1 as the lowest score and 5 as the highest score). Lastly, the kernel density function of the asset 
index will be conducted to assess truncation and clumping5 (Vyas & Kumaranayake 2006). 
 
       







Where    is the value of asset   for household ,    is the sample mean,    is the sample 
standard deviation, and    are the weights associated with the principal component 
1.7.4 Measurement of SE inequality in obesity 
This study will use CI to assess the extent of SE inequality in the distribution of obesity across 
the different SE groups. For simplicity and convenience, CI is defined as shown in equation two 
   





Where h is the health variable (for this study it is Obesity) of an individual (i), r is the ranking of 
SES, and µ is the mean of the health variable (Jenkins 1988) .This approach requires the plotting 
of the enumerated population of individuals to be ranked in ascending order of SES against the 
                                                     
 
5
 According to Vyas & Kumaranayake (2006) clumping occurs when households are grouped into clusters making it 
difficult to distinguish households from the asset list whereas truncation occurs when the distribution of SES is 
spread over a narrow range that makes it difficult to distinguish the poor and the very poor. 
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cumulative percentage of obesity. If the greatest proportion of obesity exists among the 
poorest (defined in the literature as ‘pro-poor’ inequality), a negative CI (<0) is obtained, while 
if the greatest proportion of obesity exists among the richest (defined as ‘pro-rich’ inequality), a 
positive value is computed (>0) (Wagstaff et al. 1991). The CI is bounded between -1 for perfect 
pro-poor inequality and +1 for perfect pro-rich inequality. Perfect equality occurs where obesity 
is distributed equally across the income distribution, giving a CI of 0 (Wagstaff et al. 1991). 
The above equation is computed easily by the “convenient regression” approach in order to 
estimate both the CI and standard errors. As a result, statistical inferences can be made 
(Kakwani et al. 1997). This will produce unstandardized CI. (See equation three below) 
 




             
Equation 3 
 
Where    
  is the variance of rank of SES r,   is an estimated CI,   is the OLS estimate of the 
slope coefficient gives the standardized CI estimate and   is the stochastic error. To account for 
age-sex variations, CI will be standardized indirectly by subtracting the influence of all 
standardizing variables from unstandardized CI (Van Doorslaer et al. 2004). Alternatively, CI can 
be standardized by including the standardizing variables directly into the convenient regression 
either for full or partial correlations of the health variable with the standardizing variables 
(O’Donnell et al. 2008). In this study, indirect standardization will be used which will be 
followed by a normalization process.  
A normalization process is crucial because the health measure (obesity) is a binary variable; 
hence, the CI is not bound between -1 and 1. As a result, the CI is quantified between -1 to 1 by 
multiplying the calculated CI by (1/1-µ) (Wagstaff 2005). There have been various debates 
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about the appropriate normalization to be followed when using binary variables (Erreygers & 
Van Ourti 2011). In this study, Wagstaff normalisation will be used instead of the Erreygers 
method. This is because with Erreygers index, the direction of inequality does not change 
despite the change in magnitude of the inequality and also the fact that it is obtained from 
scaling which is obtained from the Wagstaff normalisation (Ataguba et al. 2011). Despite the 
differences, both methods have been used before and similar results were obtained (Alaba & 
Chola 2014).  
1.7.5 Decomposition of CI 
Decomposition provides clarity on both the quantification and the impact on which explanatory 
variables of obesity contribute to the observed SE inequalities (Van Doorslaer et al. 2004). 
These variables include determinants of obesity. A variable will be included in the 
decomposition analysis based on their impact on obesity and SES. A variable will be found to 
have no impact on the inequality if it has no significant impact on the dependent variable 
(obesity). Alternatively, the variable will not have an impact if it is evenly distributed across the 
income distribution. Therefore, the linear regression model linking the outcome variable y to k 
determinants    is given in Equation four below 






The CI for y can be decomposed into the contributing factors which determine SE inequalities in 
obesity as shown in Wagstaff et al. 2003. The study demonstrated that the CI for y can be 
formulated as in equation five below 
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Where, µ is the mean of the health variable   which is obesity,     is the mean of    of each 
regressor,    is the CI    where k refers to the regressors included in the obesity equation, and 
   is the coefficient for each of the obesity determinants.     is the generalized CI for the error 
term defined as: 
    
 
 
     
 






where    is the fractional rank of the ith person relevant in the distribution (Wagstaff et al. 
2003). The error term in Equation 5 above reflects wealth related inequality in obesity 
prevalence that is not explained by systematic differences in    across wealth groups 
(O’Donnell et al. 2008). This study will normalise the CI using Wagstaff’s method to yield the 
following: 
            
 
   
 
  
      
     
   
  
   
 






The variables (see Table 1) to be used in the decomposition analysis will be based on the 
conceptual framework for determinants of childhood obesity (discussed above). 
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Table 1: variables that will be used in the decomposition analysis 
Community Variables Variable type 
province Western cape=0 (categorical) 
Eastern cape=1 
Northern cape=2 






Household residence (Binary) urban=1 Rural=0 
Neighbourhood safety Absence or infrequent occurrence of gangsters’ in 
the neighborhood (1= absence or infrequent 
gangsters’; 0=otherwise  
Household level variables Variable type 
Household size (number of people residing in 









Employment status of head household  (Binary) Employment=0 unemployment status=1 
Marital status of the child’s parents (Binary) Married or living with partner=0 single, 
separated, divorced, widowed=1  




Anyone in the household that exercises (Binary) Yes=0, No=1 
Anyone in the household that smokes (Binary) Yes=0, No=1 
child variables Variable type 
Gender  (Binary) Female=0 male=1 
Age Continuous variable 
Self -reported health status of the child (Binary)Good=0, poor=1 
Race Black Africa=0, Coloured=1, Indian/Asian=2 , 
White=3 (categorical)  
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1.7.6 Data Analysis 
Data analysis and management will be done using Stata software (Stata corp. Inc., college 
station, Texas, USA) while analysis of inequality in health outcome will be carried out using 
Adept software. The Adept software was developed by the World Bank. In order to assess the 
difference, between quintiles in the distribution of obesity for both boys and girls, the Chi-
squared (x2) significance tests will be used. In the decomposition analysis, the ordinary least 
squares method will be used. A multistage sampling procedure (clustering and stratification) 
was used for the SA-NIDS, hence all estimates will account for the sampling weights and 
adjustments will be made to the results. 
1.8 Limitations of the study 
A key limitation of this study is that it will be based on cross-sectional design which does not 
allow analysis of the cause and effect relationships. In addition, the study lacks data on likely 
determinants of childhood obesity such as community recreation space. 
1.9 Research Ethics 
This study will use secondary household survey data and so no ethical issues are expected. 
However, ethics approval will be obtained from the Faculty of Health Sciences’ Human 
Research Ethics Committee of the University of Cape Town before the start of the study. 
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2 Part B: LITERATURE REVIEW 
This chapter aims to provide a literature review consisting of three sections namely: theoretical, 
methodological and empirical section. The chapter begins with a summary of Socio-economic 
(SE) inequalities and inequities in health. Subsequently, theoretical approaches for evaluating 
childhood nutrition, obesity and SE inequalities will then be explored. Thereafter, the different 
methods used to measure SE inequalities in obesity will be reviewed and concludes with a 
summary highlighting the gaps in published literature on SE inequalities in obesity among 
children. The literature search in this chapter is guided by the following research question 
which guides the study: To what extent do SE inequalities exist in childhood obesity in South 
Africa, and what underlying determinants of childhood obesity can explain these inequalities? 
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2.1 Theoretical review 
This section is sub-divided into two sections namely, 1) SE inequalities and inequities in health 
and 2) the theoretical approaches for evaluating childhood nutrition, obesity and socio-
economic inequalities. The literature included in this section was obtained from the following 
electronic databases searches: MEDLINE, ACADEMIC SEARCH PREMIER, AFRICA WIDE 
INFORMATION, ECONLIT, and CINAHL using the EBSCOHOST database platform. All the 
databases were searched and limited to the period from 2001 to the 2015 which was 
appropriate to cover recent literature. No literature was excluded on the basis of country of 
origin, and publication date except if it was not in English. The literature from electronic 
database searches were supplemented with both grey and website literature. Furthermore, 
bibliographies were hand searched of all the included literature on health inequalities. 
2.1.1 Socio-economic inequalities and inequities in health 
Health inequalities have been conceptualised as individual differences in health, differences in 
health between population groups or health differences between groups occupying unequal 
positions in society inequalities (Graham 2007). This study is interested in knowing how the 
burden of disease (obesity) is distributed across different SE groups. For this reason, the term 
health inequality in this study is understood as health differences between different SE groups. 
It is worth noting that the concept of health inequity is health inequality that is systematic, 
unfair/unjust and socially produced (therefore modifiable). This means that not all health 
inequality is unfair. Determination of what is unjust or unfair is not simple since state of 
knowledge, resource availability, public acceptance and ideology play a huge responsibility 
(Carter-Pokras & Baquet 2002). 
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The need to reduce the health inequalities between SE groups has strongly been articulated by 
a number of World Health Organisation (WHO) policy statements and papers such as WHO 
1985; WHO 1986; &Whitehead 2000 (Pradhan et al. 2003). SE inequalities in health are of 
concern mainly because they are health inequities. This is because existence of SE inequalities 
in health implies failure of the society to organize health resources (social determinants of 
health) equitably such that access is open to everyone. Since these health inequities are socially 
produced, they are also regarded as avoidable or modifiable (Whitehead & Dahlgren 2006). ` 
2.1.2 Theoretical explanations of the SE inequalities in health 
Three major pathways have been advanced to explain health inequalities from the social 
environment. These include: social causation, social selection, and life course perspective (Solar 
& Irwin 2010). These three theories were first mentioned in the seminal Black Report (Blane 
1985).  
The social causation theory suggests that SE inequalities in health are likely to arise when the 
intermediary factors are unevenly distributed between the different SE groups (Solar & Irwin 
2010). The intermediary factors include: material, psychosocial, behavioural, and health system 
factors. This theory is premised on the notion that SES influences health through intermediary 
factors For example, In relation to obesity, previous work suggests that SES affects obesity by 
influencing the ability to purchase nutritious foods, or living in a safe neighborhood with 
pleasant places to exercise and markets that sell affordable nutritious food. This material 
hardship also could increase obesity insofar as it is a source of chronic stress; stress could limit 
peoples’ ability to change weight-related behaviours even when informed and motivated. 
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According to Diderichsen framework, not only does SES lead to differential exposure to health 
damaging or health promoting exposures but also to differential vulnerability to incidence and 
severity and subsequent social consequences of illness(Braveman 2009). 
In contrast to this theory, the social selection theory suggests that SE inequalities in health 
occur when poor health leads to social mobility such that healthier persons move towards 
better SES compared to the unhealthier (Canning & Bowser 2010; Blane 1985). However, 
literature has suggested that SES is the cause of health inequalities rather than vice versa (Link 
& Phelan 1995). Therefore, such evidence has consequently led some studies to conclude that 
social selection cannot be regarded as the predominant explanation for health inequalities 
(Brimblecombe et al. 2000; Power & Matthews 1997; Marmot et al. 1997). Lastly, the life 
course perspective posits that SE inequalities in health are a result of life processes that vary 
over a time (Law et al. 2007).  
This study acknowledges that all three theories could possibly explain the pathway or 
mechanisms of health inequalities. However, because the aim of this study was to identify 
those determinants of obesity that are unequally and socio-economically distributed, only the 
social causation theory is applicable. In order to explore and understand the determinants of 
and socio-economic distribution of obesity in children a conceptual framework is required. The 
next sub-section discusses the dominant theoretical frameworks that can be used to study SE 
determinants of obesity in children. 
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2.1.3 Theoretical approaches for evaluating childhood nutrition, obesity and SE inequalities. 
A variety of disciplines such as epidemiology and paediatric nutrition have demonstrated that 
childhood obesity results from an interaction of multiple factors rather than one cause (Gable & 
Lutz 2000). It has been suggested that diseases whose determinants are complex, hierarchical 
and interrelated should be managed through the use of conceptual frameworks (Victora et al. 
1997). In the process, underestimation of the distal determinants6 of obesity is minimised. This 
section will briefly describe the key theoretical frameworks focusing on child health nutrition, 
starting with the earlier, individualistic and interpersonal models, followed by a more detailed 
description of the ecological models which were the focus of this study. Thereafter, the section 
will conclude with a detailed description of the present study’s conceptual framework that is 
adapted from the ecological model. 
Earlier models used in the understanding of child health nutrition include those focusing at 
either individual (such as health belief model) or interpersonal level (social cognitive model). 
However, obesity is not only influenced by individual factors such as cognitions, behaviours, 
and lifestyles but also physical and socio-cultural environments (Lytle 2009). As a result, 
emerging literature has suggested understanding obesity through ecological perspective in 
order to highlight all levels of influences on health lifestyle choices (Zhou & Cheah 2015; Harrist 
et al. 2012; Swinburn et al. 1999; Davison & Birch 2001; Reed et al. 2011). 
                                                     
 
6
 Distal determinants are those factors that indirectly influence obesity through other proximate factors. Proximate 
factors those that directly influence obesity. Such proximate factors include lack of physical activity and excessive 
intake of energy calories  
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Different ecological models have been proposed over the last 10 years and a vast majority of 
these models have a genesis in the ecological theory (Lytle 2009). This theory posits that 
development or change of individual health behaviours cannot be effectively explained without 
consideration of the context in which the person is embedded (Bronfenbrenner 1986). 
Ecological models have been widely applied. Examples of their application include child 
malnutrition (UNICEF 1990; Garcia et al. 2012), child survival (Mosley & Chen 1984) and obesity 
(Lytle 2009; Davison & Birch 2001; Gonzalez-Casanova et al. 2014; Story et al. 2008; Stettler 
2002). The next section provides a discussion of the conceptual frameworks by Mosley & Chen 
1984, UNICEF 1990, Davison & Birch 2001 & Garcia et al. 2012 which have informed the 
conceptual framework for the present study.  
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Mosley and Chen framework 
The Mosley and Chen framework (Figure 1) was proposed to understand the determinants of 
child survival in developing countries. As shown in Figure 1, the proximate determinants of child 
survival are grouped into five categories: maternal factors, environmental contamination; 
nutrient deficiency; injuries; and personal illness control (prevention, treatment). The 
conceptual core of their framework was that socio-economic determinants have to operate 
through a set of proximate determinants that directly influence the risk of disease and the 
outcome of disease processes (Mosley & Chen 1984). Given that obesity is a health outcome 
that is less likely to have an impact on child survival, we do not use this model in this study. 
Figure 1: An analytical framework for the study of child survival in developing countries (Mosley 
& Chen 1984). 
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UNICEF Conceptual frameworks 
The framework (see Figure 2) views child malnutrition and death as biological manifestation of 
immediate causes that happen at individual level which are deeply rooted in a set of underlying 
causes at household level and basic causes at society level (UNICEF 1990). This model was 
adapted for the present study (see part A: proposal) mainly due to its flexibility in permitting 
the emergence of different causal patterns in different contexts (UNICEF 1990).  
Figure 2: Conceptual framework for determinants of Childhood of malnutrition (UNICEF 1990) 
This model has been applied by studies to issues of malnutrition although not specifically to 
obesity (Silveira et al. 2014; Beatriz & González 2014; Kamiya 2011). The major limitation of this 
model is that it assumes that children in the same household are influenced by the same 
environmental factors, hence unidirectional in nature (Davison & Birch 2001). This is not true 
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because child characteristics such as age may also influence the effect the of the environment 
factors. For this reason, this framework was not adopted in this study. 
Davison and Birch framework and Garcia et al. (2012) conceptual framework 
According to the Davison & Birch (2001) (see Figure 3) it is postulated that child behavioural 
patterns such as dietary intake, physical activity and sedentary behaviours are “child risk 
factors”. These risk factors place a child at risk of obesity. In addition, this framework 
emphasizes that age, gender and susceptibility to weight gain moderate the impact of the risk 
factors on the child. Moreover, the adoption of these risk factors is influenced by both 
parenting styles and household characteristics which in turn are influenced by larger 
community and demographic characteristics (Davison & Birch 2001).  
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Figure 3: Conceptual framework for socio-economic determinants of childhood overweight 
(Davison & Birch 2001) 
 
The influence of parenting styles and characteristics on the child are also dependent on child 
characteristics such as age, gender, weight status, time, resources and knowledge, thus 
bidirectional in nature (Davison & Birch 2001). Therefore, this bidirectional relationship explains 
why we cannot expect children in the same household to be influenced by the same 
environment in the same way. This study adopts the Davison & Birch (2001) model because of 
two reasons. Firstly, it serves as a heuristic device that not only promotes the investigation of 
the complex multi-factorial aetiology of childhood obesity but also facilitates the development 
of effective prevention programmes (Davison & Birch 2001). Secondly, it has been used widely 
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in a number of studies to understand determinants of childhood obesity (Garcia et al. (2012) Do 
et al. (2015) and Gonzalez-Casanova et al. (2014)). 
Garcia et al. (2012) draws upon Davison & Birch (2001) framework together with the Mosley & 
Chen (1984). The framework (Figure 4) was developed to identify determinants of SE 
inequalities of malnutrition among children and adolescents in Colombia. The model assumes 
that determinants of SE inequalities in malnutrition are as a result of unequal distribution of the 
determinants of obesity across SES. The framework embodies interplay of three natural 
categories including individual, household and community levels. This intuitive ordering is 
similar to the Davison & Birch (2001). The framework also allows determinants to influence 
each other, for example household wealth and household size. The Garcia et al. (2012) model 
focuses on SE inequalities which is an important aspect of this study. For this reason this study 
also adapted Garcia et al. (2012) frameworks to identify the determinants of socio-economic 
inequalities in childhood obesity.  
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Figure 4: Conceptual framework to identify determinants of socio-economic inequalities in 
malnutrition(Garcia et al. 2012)  
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2.1.4 Conceptual framework used in the study 
Figure 5: Conceptual framework for understanding SE determinants of childhood obesity in SA  
 
Adapted from Garcia et al. 2012 and Davison & Birch 2001) 
The framework (Figure 5) posits that SE inequalities in childhood obesity arise because of the 
unequal distribution of the social determinants of childhood obesity across different SE groups. 
This framework is based on social causation theory that assumes SES to influence differential 
exposure and vulnerability to these social determinants of obesity resulting into their unequal 
distribution across different SE groups. The framework further supposes that determinants (e.g. 
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sex and age) influence each other. In addition, the framework advances that SE determinants of 
childhood obesity are interplay of different levels: individual; household and contextual. The 
next subsections will examine the determinants at the different levels (i.e. individual); 
household and contextual). 
2.1.4.1 Individual factors 
A wide range of literature supports the notion that obesity is as a result of a long-term 
imbalance between energy intake and expenditure (Karnik & Kanekar 2012; Ball & Crawford 
2005; Frederick et al. 2014). This imbalance is influenced directly by diet, physical activity and 
sedentary behaviours of a child (Kleiser et al. 2009). Age, gender and genetics moderate the 
impact of the risk factors on the child (Davison & Birch 2001). In as much as genetics is among 
the predisposing factors to childhood obesity, the gene pool cannot evolve rapidly enough to 
be held accountable for the recent increase in childhood overweight and obesity (Anderson & 
Butcher 2006). With respect to age and gender, there is literature that suggests that boys are 
physically more active and fit than girls (Sallis et al. 2000; Antshel & Anderman 1999; 
Vilhjalmsson & Thorlindsson 1998). In relation to age, there seems to be age related decrease in 
physical activity, moreover this decline is faster in girls (Myers et al. 1996). For this reason this 
study included age and gender in the framework. 
2.1.4.2 Household Factors and contextual factors 
2.1.4.3 Education 
An association between childhood obesity or overweight and education exists (Noh, Kim, Park, 
et al. 2014; Farajian et al. 2012; Keane et al. 2012; Maddah & Nikooyeh 2009). It is argued that 
the level of education of the parents affects the type and quantity of food served to children 
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through influencing the nutritional knowledge of the caregivers or household head (Davison & 
Birch 2001; Farajian et al. 2012; Yabancı et al. 2014; Roblin 2007). Education level of the parents 
may also affect their income levels (Averett et al. 2014) which in turn influences changes in 
dietary patterns, sedentary lifestyles and food security (Kimani-Murage et al. 2011). A review of 
2008 found the positive association with childhood overweight/obesity for parental education 
LMICs (Shrewsbury & Wardle 2008). 
2.1.4.4 Household income 
Household income is positively associated with obesity or overweight (Kruger et al. 2006; 
Stamatakis et al. 2005; Strauss & Knight 1999) by influencing availability of food (Tanumihardjo 
et al. 2007), food patterns (Averett et al. 2014) and sedentary activities (Kimani-Murage et al. 
2011).  
2.1.4.5 Family structure 
Family structure entails the physical and compositional characteristics of the family that include 
family size, parental involvement, emotional support which influence heath behaviours (Chen & 
Escarce 2010). In this section we focus on two components namely: Children in households with 
both parents and family size. 
2.1.4.5.1 Children in households with both parents 
In high income countries such as Australia and United States, children raised by single parents 
were at risk of obesity (Gibson et al. 2007). This link is explained by challenges of time in a 
single parent household required to prepare nutritious foods and engage in physical activities 
of the child (Gibson et al. 2007; Augustine & Kimbro 2013). There is no literature to support this 
notion in South Africa and other LMICs. 
56 | P a g e  
 
2.1.4.5.2 Family Size 
In South Africa, a study found an inverse association between family size and obesity 
prevalence among children between the ages of 10 to 15 years (Kruger et al. 2006). A larger 
household size implies that there is less food per household member consequently; they are 
less likely to consume more energy dense food, which are associated with obesity. (Kruger et al. 
2006) 
2.1.4.6 Household location 
In South Africa, obesity prevalence rates were higher among urban youths than rural youths 
(Reddy et al. 2009; Reddy et al. 2012). It is hypothesized, that traditional diets abandonment 
occurs in urban areas because of availability of pre-made foods or convenience foods (Bourne 
et al. 2002). 
2.1.4.7 Neighbourhood safety 
A study found an positive association between neighbourhood homicide and obesity among 
preschool children from low income neighbourhood countries in New York (Lovasi et al. 2013). 
A safe neighbourhood is one of the factors that may influence parents to encourage and 
support child participation in physical activities (Davison & Birch 2001). In contrast, in unsafe 
neighbourhoods, parents are likely to encourage indoor activities as a proactive means of 
avoiding danger and protecting their children (Lovasi et al. 2013).The level of protectiveness 
varies for boys and girls with parents being more protective of the latter(Christensen et al. 
2011).  
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2.2 Methodological Review 
Health inequalities can be analysed as a multivariate, bivariate or univariate (Ataguba et al. 
2011). Multivariate analysis compares inequality in health simultaneously in relation to at least 
two other variables whereas bivariate analysis compares inequality in health simultaneously in 
relation to a second variable such as SES (Gakidou et al. 2000; Murray et al. 1999). On the other 
hand, univariate analysis assesses inequality in the distribution of health in a population 
without reference to any other distribution (ibid). As such, the main objective of this section is 
to review the different methods used for measuring SE inequalities in obesity. The literature 
included in this section was obtained from MEDLINE, ACADEMIC SEARCH PREMIER, AFRICA 
WIDE INFORMATION, ECONLIT, and CINAHL using the EBSCOHOST database platform. All the 
databases were searched from 2001 to the 2015 which was appropriate to cover recent 
literature. No literature was excluded on the basis of country of origin, and publication date 
unless if it was not in English. The literature from electronic database searches were 
supplemented with both grey and website literature. Furthermore, references were hand 
searched of all the included literature on health inequalities. 
2.2.1 Measurements of socio-economic inequalities in obesity 
When studying the association between SES and obesity in public health linear and logistic 
regression analyses (multivariate analysis) are the traditional approaches that have been used 
(Zhang & Wang 2004). The direction and magnitude of the association is usually expressed as 
beta coefficients or odds ratios (Sobal & Stunkard 1989; Zhang & Wang 2004). The above 
classical approaches may help to examine the association between SES and obesity, but are 
insufficient in determining the severity of inequality. The other limitation is that the outcome 
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and explanatory variables relationship are assessed as an average but fail to account for the 
variability of the effect of explanatory variables across the distribution (Zhang & Wang 2004). 
Lastly, comparison of inequality across studies or overtime using regression is challenging. This 
is because the validity of regression analysis is based on the assumption of multi-normality and 
independence (Zeger et al. 1988).  
A summary of indices have been identified in the literature to quantitatively measure the 
degree of income-related inequality, hence addressing the limitations of linear and logistic 
regression analyses. These indices include: index of dissimilarity (ID), range, Gini coefficient, a 
pseudo-Gini coefficient, the slope index of inequality and concentration index (Wagstaff et al. 
1991; van Doorslaer et al. 1997). Among these six summary indices, Wagstaff et al. 
(1991)argued that concentration index and slope index of inequality are the most appropriate 
to measure SE inequalities in health in bivariate analysis. This is because they meet the three 
Wagstaff et al. (1991) basic requirements for measuring SE inequality in health namely:  
1. Sensitivity to the distribution of the population across SE groups (CI and ID are 
consistent with the ranking units across the distribution of SES) 
2. Reflection of the experiences of the population across SE groups (This means that 
concentration index reflects the distribution of obesity across the unequal SES of the 
entire population rather than just between the highest and the lowest SES)  
3. Reflection of the SE dimension to inequalities in health meaning that CI and ID are 
consistent with the experience of health (obesity) across the distribution SES. 
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There seems to be an agreement that the measurement of health inequality is driven by the 
objectives the study intends to pursue (Mackenbach & Kunst 1997). Therefore, the present 
study used concentration index because: 
1. It met the three basic minimal requirements for measuring SE inequality as mentioned 
above. 
2. It provided a summary measure of SE inequality thus, enabling comparisons across 
demographic groups and over time 
3. It is believed to have a more immediate visual appeal thus, it is easily and more 
intuitively interpreted (Wagstaff 1986; van Doorslaer et al. 1997). 
4. It was used in decomposition analysis in order to determine the factors driving SE 
inequalities (Alaba & Chola 2014). 
CI is not without any limitations. Firstly, CI requires at least one continuous ranking variable of 
SES thus limiting its applicability (Zhang & Wang 2004). However, in this study household 
income is used as a ranking variable (i.e. continuous variable). Secondly when measuring 
inequality using CI in a health outcome that is not binary the CI index is not bound -1 and 1 
(Wagstaff 2005; Wagstaff 2009). This limitation led Wagstaff (2005) to propose normalisation of 
the binary health outcome by multiplying the calculated concentration index by (1/1-µ). 
However, Erreygers (2009) criticised normalisation index proposed Wagstaff based on the 
premise that it blows up the levels of inequality for distribution of higher income, thus 
proposed a normalisation index that obviates this. Lastly, literature has suggests that the 
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association between SES and obesity varies inconsistently across age, and sex (McLaren 2007; 
Sobal & Stunkard 1989). Therefore, the estimated CI without accounting for the effect of these 
factors on obesity will be incorrect. In order to reduce the confounding effect of age and 
gender, the study conducts the male and female analysis while standardising for age in both 
analysis. 
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2.3 Empirical review 
This section aims to review the studies that have assessed SE inequalities in obesity so as to 
identify gaps in published literature as well as make sense of the findings of this study. 
The studies that were included in this review were obtained from the following databases: 
MEDLINE, ACADEMIC SEARCH PREMIER, AFRICA WIDE INFORMATION, ECONLIT, and CINAHL 
using the EBSCOHOST and GOOGLE SCHOLAR platform. The search terms used include 
socioeconomic status or inequalities and obesity or overweight or Body mass index (BMI) or 
malnutrition. Other studies included were obtained from manual search on the references of 
the included articles. Studies were included for review if they assessed SE inequalities in obesity 
or overweight among children including those that assessed the association between obesity or 
overweight and SES. Studies that assessed SE inequalities in malnutrition among children were 
included because malnutrition entails a component of over nutrition or obesity. The studies 
included were limited from the period of 2003 to 2015. With regards to the exclusion criteria, a 
study was excluded if it was not written in English, if it was from high income context, if the full 
text article was not accessible, and if it did not focus on childhood obesity. Note: this is not a 
systematic review 
In total 21 studies were reviewed, eight studies were from South Africa and the rest were from 
low middle income countries (LMIC) including China (1), Japan, Korea, Botswana, Pakistan, 
Mexico, Seychelles, Colombia (2), Guatemala, Nigeria, and Ghana. Amongst these studies, four 
studies focused on malnutrition (Zere & McIntyre 2003; Uthman 2009; Garcia et al. 2012; 
Novignon et al. 2015) while the rest focused on either obesity or overweight. Regression 
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analysis and CI were the most common methods used to measure SE inequalities among the 
studies included in the review.  
The age of the study participants ranged from 9 to 17 years. The most commonly used 
anthropometric outcome was BMI in all studies, although some studies used other indicators 
such as fat mass index (FMI), lean mass index (LMI), weight for height, height for age and 
percentage of body fat (%BF). The SES indicators used included either used household SES or 
neighbourhood SES to represent the child SES. The first section will review the studies that 
assessed the association between SES and various anthropometric outcomes (detailed 
description see Table 1) followed by a review of studies that assessed that SE inequalities in 
malnutrition (Table 2) 
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Table 1: Summary of studies that assessed association between SES and obesity or overweight in children 
Author 
and year 



















1997, 2000, 2004, 
and 2006 N= 2,556, 
2,063, 1,431 and 
1,242 respectively, 
Age (1-8) years. 















Parental state sector job was 
positively related to child 
overweight/obesity in 1997 and 
negatively related to 
overweight/obesity in 2006. 
Household income was a 
significant predictor only in 
2000. 

















(6–11 years: N = 
397 children) (12–
















Adolescents living in middle-
income households were more 
likely to be overweight than 
those living in high-income 
households (OR 2.26, 95%CI, 
1.01–5.67). Similarly, 
adolescents living in households 
with low expenditure levels were 
more likely to be overweight 
than those living in households 
with high expenditure levels (OR 
3.40, 95% CI, 1.20–9.60). In 
contrast, no significant 




























SES associated with 
anthropometric outcomes. 
Furthermore, a low household 
wealth index was associated 
with lower odds of both 
overweight and high %BF in 
men. 
























 N = 415, Age 13-15 
year-old 
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No associations could be 
established with overweight and 















Children living in a low-income 
family were less likely to be 
overweight than those living in a 
high-income family 
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of Youth and 
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Low economic status was 
statistically significant SES risk 
factor in males. Similarly, high 
economic status was a 
protective factor for overweight. 
Among females, low maternal 
education level was associated 
with the risk of overweight 





















N = 429, Age (16 
year  olds) 
Body 
compositi











SES were only weakly associated 
with body composition at age 
16, with an inconsistent 
direction of association. 
Household SES (access to 
sanitation and water facilities 
and maternal education) 
measured at infancy period were 
significantly associated with the 
FMI and BMI outcomes. 
Adolescent assessed 
neighbourhood and school SES 
measures were not significantly 










South Africa  
N=45 (6-13 years) BMI School fees 
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The prevalence of obesity was 
high in a higher SES. No 
significant association between 
obesity and SES.  



















Survey in 2002 
and 2000 
N=9491 in 2002 
and                                     
N= 9442 in 2008 
Grade 11 children 
BMI  School 
poverty level; 
the latter was 
a proxy for SES 
logistic 
regression 
 Increasing SES was associated 
with greater risk of overweight 
and obesity. This pattern is 





























Private school students and 
children with higher assets had 
significantly greater prevalence 
of Overweight and obesity than 
public school students and those 
with lower assets. 
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Children living in the urban area 
with high SES were significantly 
at risk for being overweight and 
obese as compared to children 
living in the urban area with 
lower SES and rural children. 
Being in higher grade and living 
in the urban area with higher SES 
independently predicted the risk 























Those from the highest SES 
households had about twofold 
higher odds of overweight or 
obesity and central obesity than 
those in the lower SES. 





















N= 10 069 
adolescents, Age 
(10 to 18 years) 












Household economic status 
(asset ownership and housing 
quality) is positively associated 
with adolescent obesity. High 
paternal education is related to 
lower obesity risk, whereas the 
association between maternal 
education and obesity is positive, 













SD) of the students 
was 9.2 (0.4), 12.6 
(0.4) and 
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The prevalence of overweight 
(17.7% versus 10.5%, P < 0.01) 
was 
higher in high-SES children than 
in low-SES ones; the same was 
true for obesity (14.4% versus 
2.3%, P < 0.01). 
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2.3.1 Review of the studies that assessed the association between SES and obesity or 
overweight 
As shown in Table 1, ten cross-sectional studies found a positive association between SES and 
obesity or overweight meaning increasing SES is associated with increasing obesity or 
overweight in children (Pradeilles et al. 2015; Reddy et al. 2012; Kimani-Murage et al. 2010; 
Kachi et al. 2015; Tang et al. 2015; Wrotniak et al. 2012; Mushtaq et al. 2011; Heidi Ullmann et 
al. 2011; Bovet et al. 2010; McDonald et al. 2009). Kimani-Murage et al. (2011) suggests that 
this relationship observed is associated with the sedentary lifestyle and ability to afford 
processed foods among those in the highest SES group relative to the lowest SES group.  
However, two studies found these associations to vary, and these variations are hinged on 
gender differences upon stratifying the regression analysis by gender (Pradeilles et al. 
2015)(Noh, Kim, Oh, et al. 2014). Moreover, this association between SES and the 
anthropometric outcome between the different genders varied by SES indicator. For instance, 
Pradeilles et al. (2015) found household SES to be associated with BMI and percentage body fat 
rather than neighbourhood SES in men whereas among women no association was found with 
either SES indicators.  These findings led Pradeilles et al. (2015) to suggest that the shift of 
overweight from high to low household SEP groups has not begun among South African 
adolescent men. Furthermore, the lack of significant associations or weak associations between 
neighbourhood SES and anthropometric outcomes in both genders could be partly because the 
neighbourhoods do not vary enough to capture SE related inequalities or the tool used to 
measure neighbourhood SE deprivation. On the other hand, Noh et al. (2014) found low self- 
reported economic status among males and low maternal education among females to be 
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associated with overweight. Various factors that could have influenced the overestimation and 
underestimation of the above association include; self-reported height and weight and failure 
to provide a detailed classification employment situation rather employed versus not employed 
(Noh, Kim, Oh, et al. 2014).  
On the other hand, Meko et al. (2015) and Kirsten et al. 2013) found no association between 
SES and overweight or obesity. The probable reason for these results is the SES indicator used. 
This is because Shrewsbury & Wardle (2008) highlighted that the association between SES and 
obesity depends on the SES Indicators. Griffiths et al. (2008) added that the association 
between SES and obesity or overweight depends on the anthropometric indicator. This was 
based on the study conducted in SA that found no association between SES and LMI but not 
FMI and BMI but rather between SES and FMI (Griffiths et al. 2008). Therefore, the lack of 
association could have been because of the anthropometric outcome (BMI) used in the study. 
Other reasons include; different context (Bloemfontein), sample size and the age category (13 
to 15 years) when compared to the three studies aforementioned. 
Among the longitudinal studies, the association between SES and the anthropometric indicator 
exists (Griffiths et al. 2008; Griffiths et al. 2013; Fu & George 2015). However, weak associations 
were found between SES and anthropometric indicators among 16 year olds (Griffiths et al. 
2013). This is because among the different SES indicators used only SES indicators measured at 
infancy were associated with FM and BMI. For example at age 16 years, those born to mothers 
with post-secondary school education compared to lower levels of education were associated 
with higher values of FM and BMI. Griffiths et al. (2013) postulates that these educated 
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mothers may have provided a more calorie dense diet, resulting in increased FM and BMI for 
their offspring. This argument is based on the premise that health messages and knowledge 
regarding obesity were limited even for educated individuals during the time era of the birth of 
the cohort. However, Griffiths et al. (2008) found infancy SES measures were only positively 
associated with LMI but not FMI and BMI among South African 9–10 year olds. In addition, they 
also found 9 to 10 SES measures to be positively associated FMI. The differences between the 
results of the two studies could mainly be due to the different age categories considered in 
both studies. In suport of the above fndings, Fu & George (2015), found the association 
between obesity /overweight and SES overtime to be greatly influenced by the type of SES 
indicator used at that particular time period.  
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Table 2: Summary of studies that assessed SE inequalities in malnutrition 
Author 
and year 
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distribution of child malnutrition. 
These inequalities were highest 
among coloured children and 
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disparities in overweight were 
explained by maternal and 
household characteristics 
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2.3.2 Review of the studies that assessed SE inequalities in malnutrition 
Among the studies that assessed SE inequalities in malnutrition as shown in Table 2, only one 
study included overweight as an aspect of malnutrition (Garcia et al. 2012). This study found 
that SE inequalities in overweight were against children of high SES whereas SE inequalities in 
under nutrition where against the children of low SES. Other studies (Zere & McIntyre 2003; 
Uthman 2009; Novignon et al. 2015) found SE inequalities in malnutrition are against the poor 
because they focused on the under nutrition aspect of malnutrition. The two studies (Garcia et 
al. 2012; Novignon et al. 2015; Uthman 2009) that attempted to identify the determinants of 
these inequalities both discovered that maternal and household characteristics were significant 
contributor to inequality. 
2.3.3 Synthesis of the results (Table 1 and 2) 
These studies suggest the following. Firstly SE inequalities in obesity or overweight exist among 
South African children and also among children in other LMIC. Secondly, these inequalities are 
likely to be pro-rich (meaning the burden of obesity is concentrated among those with a higher 
SES) and there is a reversal of the social gradient. Furthermore, the studies (although few) 
suggest that SE inequalities in obesity vary by gender and age. With respect to age, one study 
concluded that these inequalities among 16 year olds and adolescents are rare (Griffiths et al. 
2013). On the other hand, a study found SE inequalities among children of 9 or 10 years of age. 
These findings support West (1997) theory that states that SES of the environment external to 
the household becomes more important for children who are above 14 years of age than SES of 
the household. 
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The two studies that assessed the extent of these inequalities between boys and girls, suggest a 
need for further research by gender, although we cannot make conclusions based two studies. 
Lastly, none of the above studies assessed the determinants SE inequalities in childhood 
obesity. 
2.4 Conclusion  
Childhood obesity is becoming a public health concern in LMIC and South Africa is not an 
exception. Evidence suggests that the prevalence rates of obesity in South Africa are still rising 
moreover at faster rate compared to developed countries ten years ago. As a result, there is 
need to reduce the burden of childhood obesity mainly because it is positively associated with 
devastating health and economic consequences. Therefore, there is need to understand the 
determinants and distribution of obesity across the different population groups in order to 
develop policies that effectively reduce the burden of obesity. The various studies reviewed 
have shown presence of SE inequalities in obesity. Moreover these inequalities are against 
those children from high SES with limited studies stratifying the analysis by gender. CI is not a 
popular method compared to regression analysis method in the analysis of SE inequalities in 
obesity among the studies reviewed despite the fact the index can be decomposed further to 
identify the determinants of SE inequalities. Limited studies have assessed the determinants of 
SE inequalities as they are limited to malnutrition but not obesity. It is against this background 
that this study aimed SE inequalities in obesity among South Africa children using CI and 
identify the determinants of these inequalities based on the developed Conceptual framework.  
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The study was formulated on the Garcia et al. (2012) conceptual framework because it 
postulates that SE inequalities in childhood malnutrition arise because of the unequal 
distribution of the social determinants of childhood malnutrition across different SE groups. 
However, owing to the focus of this study’s focus being obesity in lieu of malnutrition, the study 
also relied on the Davison & Birch (Davison & Birch 2001) framework in order to identify the 
determinants of obesity among children.  
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Decomposing Socio-economic Inequalities in Obesity among South African Children 
Brenda Nakimuli8 
3.1 Abstract 
Background: South Africa (SA) has one of the highest child obesity rates in Africa. Childhood 
obesity is associated with non- communicable diseases (NCDs), which have become a significant 
public health challenge in SA. The analysis of socio-economic (SE) inequalities related to 
childhood obesity may contribute useful insights for developing effective obesity policy and 
programme interventions. This study assessed SE inequalities related to childhood obesity in 
SA. 
Methods: This study used data of 9181 children from the 2012 South African National Income 
Dynamic Survey (SA-NIDS). Concentration index (CI) was estimated to quantify SE inequalities in 
childhood obesity. Decomposition analysis of CI was conducted to identify determinants that 
underpin these inequalities at individual, household and contextual level. 
Results: Overall, the findings show that obesity was highest in the wealthiest quintile (12.78%) 
compared to other quintiles with the poorest quintile being 7.98%. Interestingly, the burden of 
obesity was higher in the second quintile (lower SES) compared to the third and fourth 
quintiles. Across all quintiles, the burden of obesity was higher in girls (CI=0.0836) compared to 
boys (CI=0.0376). The results of the decomposition analysis suggest that the main contributors 
to inequality in both boys and girls are household-level variables, the most being the 
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employment status of the household head. SES was the main contributor to SE inequality in 
obesity among boys followed by race (i.e. Coloured), and age whereas amongst girls, household 
location (i.e. urban region) and race (i.e. Black Africa) were the main contributors. 
Conclusion: The results suggest that there is continuous need for surveillance of obesity 
epidemic over time across SES especially in LMICs. Finally, the findings suggest that both 
childhood obesity prevalence and inequalities are complex issues that require coordinated 
policy and programmatic interventions at individual, household and contextual level. For 
instance, at Individual level the results of this study suggest the need for gender sensitive 
interventions that take into consideration racial differences in curbing the rising problem of 
child obesity. However, further longitudinal research is required before implementation of 
these suggestions. 
Key words: childhood obesity; SE inequality; concentration index; decomposition; South Africa 
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3.2 Background 
Obesity is a public health concern in both high income countries (HICs) and low middle income 
countries (LMICs) (1). In South Africa (SA), approximately 24% of the adults are now obese (2) 
with recent evidence suggesting that the prevalence rates are increasing (3). Of further 
concern, SA has amongst the highest child obesity rates in Africa (4,5) which are comparable to 
those found in HICs more than a decade ago (6). Evidence in support of this shows that the 
prevalence of obesity (3.2% and 4.9% respectively for boys and girls) between 2001 and 2004 
among South African children aged 6 to 13 years   were similar to the prevalence rates of obese 
children from HICs including United States of America (1976 and 1980), Scotland (1994) and 
England (1994) (7). The high obesity prevalence rates are concerning because obesity is 
positively associated with non-communicable diseases (NCDs) such as, type two diabetes, 
cardiovascular diseases, chronic respiratory diseases and cancer (8–11) which are increasingly 
becoming a public health concern in SA (12,13).  
Global evidence indicates that childhood obesity is unequally distributed within countries 
across different SE groups such as ethnicity (5), gender (14) although this study focuses on SES. 
In HICs an inverse relationship has been observed between childhood obesity and SES (15,16). 
In contrast, childhood obesity is associated with higher SES in LMIC (17). In SA, few studies have 
investigated the relationship between household or neighourhood SES and athropometric 
outcomes such as body mass index (BMI), obesity or overweight, fat mass and lean body mass 
among children. Among these studies, five found a positive assocition between obesity and SES 
(21–23,17,25) although one study found no significant association (21). In contrast, weak and 
inconsistent associations between BMI and SES were found among 16 year olds (23). Regardless 
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of the direction or strength of the association, these studies have showed the presence of SE 
inequalities in obesity among SA children.  
Despite the fact that measuring SE inequalities provides information for education, and 
advocacy among the general public and decision makers, these measures may not be sufficient 
to bring about a sustainable change on their own (24). Therefore, for more effective policies to 
be developed, unraveling and quantifying the determinants of SE inequalities in health is 
recommended (25). It has been argued that results from these analyses indicate more 
specifically the root causes of SE inequality in childhood obesity and allow for more specific 
targeting of policies and resources (25).  
Concentration Index (CI) is a method that has been widely (25–32) used to quantify SE 
inequalities in health outcomes across a continuous measure of SES providing a single measure 
of SE inequality (33). This single measure of SE inequality can be decomposed to further 
understand the determinants of obesity contributing to the SE inequalities (30). In SA, the only 
study that has attempted to unravel and quantify the determinants of SE inequalities in obesity 
was among aldults (2) and not children. To inform policy on obesity reduction, this study aims 
to quantify SE inequalities in childhood obesity using Cl and decompose these inequalities to 
understand the underlying determinants of obesity using SA-NIDS nationally representative 
survey of 2012. 
To conceptualise and identify the determinants of SE inequalities related to childhood obesity, 
this paper drew significantly on the frameworks developed by Davison & Birch (34) and Garcia. 
et al (35). The study draws on the Garcia. et al (35) framework because it postulates that SE 
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inequalities in childhood malnutrition arise because of the unequal distribution of the social 
determinants of childhood malnutrition across different socio-economic groups. However, since 
the focus of this study was malnutrition and not obesity, the study also relied on the Davison & 
Birch (34) framework to identify the determinants of obesity among children. Both frameworks 
understand nutritional status to result from the interplay between proximate (individual factors 
such as age, gender), household (income, household size, education attainment), and 
community level (household location, neighborhood safety).  
The study also drew on empirical literature particularly from SA to identify the determinants of 
SE inequalities related to childhood obesity. Empirical evidence indicates that race is associated 
with obesity in children in SA. Among South African children being 1White increased the odds of 
being obese compared to other race groups (i.e. Black African, Asian and Coloured) (5,18). 
While education level of the caregiver or head of household, influences nutrition status of the 
child through knowledge of a healthy diet and of harmful effects of over nutrition, it affects 
income levels which may inturn influence  sedentary lifestyle, availability of food and dietary 
change (14,20). Household income helps to overcome financial barriers for food availability 
specifically high calorie foods that are associated with obesity (27). Similarly, the link between 
childhood obesity and urban areas has been mediated through  highly available  fast-food 
outlets and energy-dense food products where activity is discouraged by the availability of 
indoor recreation and travelling by vehicle (18).  
The conceptual framework adopted in this study recognized that childhood obesity is as a result 
of long-term imbalance between energy intake and expenditure which is influenced directly by 
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individual lifestyles such as sedentary behaviour, dietary and physical activity patterns (36,37). 
The impact of these individual lifestyles is greatly influenced and shaped by interplay of factors 
at individual, household and contextual levels. The framework adopted allows determinants 
(e.g. age and sex) to influence each other. The study sought to quantify the extent to which 
factors at individual, household and contextual levels, particularly those which are modifiable, 
account for SE inequalities in obesity of South African children. In so doing, the study aimed to 
identify the areas where policy may be most effectively directed to reduce inequality and 
obesity.  
3.3 Method 
3.3.1 Data source 
Data used in this study came from the SA-NIDS conducted after every two years by the South 
African Labour and Development Research Unit (SALDRU). The SA-NIDS is a nationally 
representative longitudinal survey designed to assess multiple aspects of household welfare 
and behaviour over time. Therefore, it provides a rich and reliable source of data which 
includes anthropometric measures and SE indicators. In this study only one wave of the 
longitudinal data was analysed hence, cross sectional study. For children below 14 years, the 
child questionnaire was answered by the mother, caregiver or a household member. The 
household questionnaire was answered by the oldest woman in the household. Full details of 
the NIDs can be obtained at (38). In summary, SA-NIDs used a stratified two-stage cluster 
sampling design to sample households in all nine provinces of SA. In the first stage, 400 primary 
sampling units (PSUs) were chosen from a Statistics South Africa master sample of about 3,000 
PSUs. The PSUs are derived from 2001 census enumeration areas and comprise of the first 
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sampling units from which households or dwellings are selected. In the second stage 
households within each PSU were selected. 10,000 households were interviewed at the end of 
the third wave and data were collected between April and December 2012.  
The NIDs panel data was subjected to the attrition mainly as a result of household none-
response. For example, the third wave attrition rate was 15.9% (38). Attrition may affect the 
estimates of the study, but instead sampling weights have been adjusted to solve this problem 
(38). In total, they were 10,824 children in the SA-NIDS (2012). However, this paper used a 
sample size of 9181 children (2 to 14 years). 1643 (15.179%) children were dropped from 
10,824 because they either had missing variables for height, weight and gender. However, 
dropping the missing variables did not affect the results of the study.  
3.3.2 Outcome measurement: obesity 
Among children, there has not been any agreement on the international definition of obesity 
since BMI varies with both age and sex (39). As a result, different reference systems have been 
derived to define obesity. The commonly used definitions of child obesity or overweight 
internationally, are those references specified by IOTF, Centers for Disease Control and 
Prevention (CDC), and World Health Organization (WHO) (40,41). In this study, IOFT cut-offs 
were used because of its high specificity which is necessary in identifying the most worrying 
cases of obese children (42). However, the IOFT cut-offs are restricted to ages between 2-19 
(39): Therefore, children below the age of two years were eliminated. In order to apply the IOFT 
cut-offs, estimation of BMI is required. BMI is defined as a person’s weight in kilograms divided 
by the square of height in meters (2). Height and body weight of the children were objectively 
measured during the SA-NIDS, thereby allowing more precise measurements of BMI to be 
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computed. Because the focus of this study is obesity, the outcome variable was measured as a 
binary variable with (1) obese and (0) not obese. 
3.3.3 Constructing a measure of socio-economic status 
Quantifying SE inequalities in health using CI requires the SES measure to be a continuous 
variable. Therefore, income or proxies of income (such as consumption or expenditure and 
composite measures) are recommended (43). However, collecting accurate data on either 
income or consumption is difficult due to measurement errors arising from under-reporting, 
seasonality, recall bias and imputations especially in developing countries (44). As a result, 
researchers have derived proxy measures of SES ranging from single indicators such as 
education to more complex measures such as asset indices (45). Amongst these derived proxy 
measures, asset index has been used increasingly based upon the following reasons: data can 
be easily collected, it is representative of the long-term economic status, it is a convenient way 
of summarizing the living standards and lastly it is useful as a control variable when estimating 
variables correlated with household wealth (43). The major problem with asset index is that the 
choice of asset variables and their weights are not grounded theoretically (45). Although 
household income as a measure of SES is failure to reflect longer-run household wealth or living 
standards  (45), this study used it as a proxy of SES. This is because income variable in the SA-
NIDs datasets has been used as a reliable measure in a number of studies to calculate income 
inequality (27,46).  
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3.3.4 Measurement of socio-economic inequality  
SE inequality in childhood obesity was measured using the illness concentration index (CI) 
proposed by Wagstaff (33). For simplicity and convenience, concentration index is computed as 
shown in Equation  producing unstandardized CI. 
 
Equation 1 
Where  and  are respectively, the health status (being obese or not) of the  th individual 
and the fractional rank of the  th individual in terms of household SES;  was the mean of the 
proportion  of the sample and  denotes the weighted covariance.  
Indirect standardization was used to account for the age and sex variations by running a simple 
ordinary least squares (OLS) regression as shown in Equation 2 and obtaining a concentration 





Where  are cofounding variables (age and sex in this case), is the variance of the rank of 
SES measure, and   are parameter vectors and  was the stochastic error term (47,48). In 
theory, concentration index lies between -1 and +1; where a value of -1 means that the value of 
ill health (obesity) was concentrated among the most socio-economically disadvantaged person 
while +1 value indicates that obesity was concentrated among the most socio-economically 
advantaged. However, it should be noted that if the outcome variable is binary as it was in this 
study, the concentration index was lie between µ-1 and 1-µ for large samples. This suggested 
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the need for normalization process to ensure that the CI is quantified in the range of-1 to 1 for 
any given health outcome. The  Wagstaff normalization(49) involved multiplying the calculated 
CI by (1/1- µ). However, Erreygers (50) noted that Wagstaff normalization blows up the levels of 
measured inequality for distribution with high or low means hence proposed Erreygers 
normalization. Despite the criticisms raised by Erreygers (50), this study adopts Wagstaff 
normalization. This was because similar results were obtained using both methods of 
normalization (2). 
3.3.5 Explaining Inequality: Decomposition by CI 
In order to assess the relative contributions of the determinants of obesity on SE inequality in 
obesity, the CI was further decomposed using the Wagstaff and van Doorslaer methodology 
(30). This method required transformation of the binary obesity measure into a continuous 
variable by using the ordinary least square predictions of a linear probability model (LPM) 
shown in Equation 3 below. The reason behind this transformation was that this type of 
decomposition relied on the linearity of the underlying regression model. In the study, LPM was 
opted for rather than non-linear logit model (most appropriate) despite the fact its estimations 
may be less robust and precise (48). This was because LPM provided consistent estimations on 




The CI for  was written as follows to include elasticities and inequalities of the various 
determinants as shown in Equation 4 below (48). 





Where, was the mean of of each regressors,  was the CI of  where k referred to the 
regressors included in the obesity equation, was a set of exogenous determinants of obesity 
and  was the coefficient for each of the obesity determinants  was the generalized CI for 
the error. The component  was defined as elasticity of  with respect to  and measured 
the impact of each covariate on obesity. Furthermore, Wagstaff normalization was also applied 
to the decomposition. 
3.4 Analysis 
Data analysis and management was carried out using Stata software version 14 (Stata corp. Inc., 
college station, Texas, USA) while analysis of inequality in obesity was conducted using Adept 
software (52) . In order to assess the difference, between quintiles in the distribution of obesity 
for both boys and girls, the Chi-squared (x2) significance test was used. In the decomposition 
analysis, the ordinary least squares method was used. The estimates from analysis accounted 
for the sampling weights and adjustments will be made to the results. 
3.5 Results 
3.5.1 Descriptive statistics 
Table 1 below shows the descriptive statistics and the definition of variables by for a sample of 
girls and boys. The average age of children in the 2012 NIDS survey was approximately 7.8 years 
and majority of the population was African/Black (87.89%). Two thirds (68%) of the children 
had either a mother or father as caregivers (68.07%).), however only 32.96% of the children 
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lived in homes where both parents lived together Most caregivers who had at least attained 
secondary education were parents as compared to other types of caregivers (that is 
grandparents, uncles and aunties. Furthermore, the household head characteristics show that 
the majority of the household heads are females (73.05%) and not married (73.04%) with few 
of them being employed (35.05%). With respect to contextual factors, three-fifth of the 
children included in the analysis was located in the rural areas. Interestingly, only 28.72% 
households reported that they considered their neighborhoods safe (indicated by absence or 
infrequent occurrence of gangsters’ in the neighborhood). The proportions of the respondents 
were mostly from Kwazulu-Natal (33.92%), Eastern Cape (12.23%), and Limpopo (10.78%). The 
following provinces had the least number of respondents: Western Cape (8.91%), Northern 
Cape (6.52%), North West (6.49%), Gauteng (7.98%), and Mpumalanga (7.72%). 
The overall prevalence of obesity among children aged 2 to 14 years in 2012 was 8.26%, with a 
slightly higher proportion among girls (8.69%) than boys (7.26%). 
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Table 1: Summary description of variables 
Variable Description Mean/percentage 
Individual Factors relating to 
child 
 
   






Age Age in years (continuous variable) 7.84 7.88 7.86 (SD=3.72) 
Obesity Obese (1=obese ; 0=otherwise) 7.86% 8.65% 8.26% 
Race  Consist of four variables    
  Black African (1=Yes; 0=No) 89.09% 87.28% 86.69% 
  Coloured (1=Yes; 0=No) 12.12% 11.22% 11.67% 
  Asian/Indian(1=Yes; 0=No) 0.55% 0.46% 0.50% 
 White (1=Yes; 0=No) 1.24% 1.04% 1.14% 
Illness status  Self -reported illness for at least three days in the past 30 days (1= 
reported illness/ injury; 0=otherwise) 
4.43% 5.28% 4.86% 
Household Factors     
Household monthly income  Continuous variable 5300.25 5536.38 5418.56 
(SD=9241.40) 
Family structure Consists of two variables    
Parents of the child are still together (1=parents of the child are 
together; 0=otherwise) 
33.12% 32.80% 32.96% 
Number of household residents: A continuous variable 6.73 6.87 6.80 (SD=3.64) 
Caregiver characteristics 
Caregiver of the child 
 
Consist of three categories 
   
 Caregiver is either mother or father (1=Yes; 0=No) 67.54% 68.59% 68.07% 
 Caregiver is grandmother (1=yes; 0=No) 21.81% 21.00% 21.21% 
 Caregiver is none of the above (1=yes; 0=No) 10.63% 10.39% 10.51% 
Educational level of caregiver Consists of three variable    
 Mothers/fathers at least attained secondary education (1=yes; 
0=No)  
55.68% 57.30% 56.49% 
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SD represents standard deviation of the continuous variable  
 
 Grandparent at least attained secondary education (1=yes; 0=No) 5.61% 5.63% 5.62% 
 Others at least attained secondary education (1=yes; 0=No) 7.95% 7.80% 7.88% 
Household head characteristics     
Sex of Head of household Household is female (1=yes; 0=No) 73.02% 73.07% 73.05% 
Employment status of 
household head 
Household head is employed (1= employed ; 0=otherwise)  35.10% 35.00% 35.05% 
Marital status of household 
head  
A household whose head is married (1= head of household is not 
married; 0=otherwise) 
73.02% 73.07% 73.04% 
Consumption of readymade 
foods 
A household has consumed readymade foods in the past 30 days 
(1=reported consumption; 0=otherwise) 
0.85% 0.98% 5.32% 
Contextual Factors     
Household location: urban A household located in the urban region (1=located in the urban 
and 0= located in the rural) 
39.90% 39.96% 39.93% 
Neighborhood safety Absence or infrequent occurrence of gangsters’ in the 
neighborhood (1= absence or infrequent gangsters’; 0=otherwise) 
28.42% 29.02% 28.72% 
Place of birth of the child The place of birth of the child was a hospital (1=reported hospital 
and 0=otherwise) 
84.04% 82.44% 83.24% 
Province Province of the household residence of the individual (that is nine 
dummy indicators corresponding to the nine provinces in SA) 
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3.5.2 Distribution of obesity across different SE groups 
As shown in Figure 1, the highest prevalence of obesity was observed among children (boys and 
girls) from households in the highest SE status (quintile 5), followed by quintile 2. The 
percentage prevalence of obesity was higher among girls than boys across all quintiles with the 
exception the first quintile. 













lowest quintile 2 3 4 Highest quintile 
%  distibution of 
obesity 
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3.5.3 SE related inequality in childhood obesity 
The normalized CI for males and females are given in Table 2. The table entails different but 
similar results from three different analyses. These three analyses include: unstandardized CI, 
indirectly standardized for age and gender CI, and indirectly standardized for age and other 
covariates CI. For the reason of being consistent with the decomposition analysis, all the 
discussions herewith are based on the third index i.e. -age including other covariates variables. 
The normalized concentration indices were all positive, indicating that the burden of obesity 
was more concentrated among children from households with high SES. The overall normalized 
CI was 0.0638, whereas for girls and boys was 0.0839 and 0.0376 respectively. This estimate 
suggests that there is greater inequality in the distribution of obesity among girls than boys.  
Table 2 Normalized Concentration indices of childhood obesity in South Africa 
Normalized concentration indies of obesity by gender 
  Female Male Overall 
Unstandardized CI 0.0873(0.05) 0.0509(0.06) 0.0724(0.04) 
Indirect Standardization with age and gender CI 0.0842(0.05) 0.0377(0.06) 0.0639(0.04) 
Indirect standardization with age, gender and other 
covariates CI 
0.0839(0.05) 0.0376(0.06) 0.0638(0.04) 
Note: Other covariates include all individual, household and contextual factors. Standard error 
is in parenthesis.  
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3.5.4 Decomposing SE inequality in childhood obesity 
Table 3 and 4 present results from decomposition analysis respectively for girls and boys. The 
first column displays the partial CI for each of these determinants. A positive (negative) sign 
indicated that the variable has a pro-rich (pro-poor) distribution. The second column indicates 
the elasticity of obesity for each explanatory variable. The third and fourth columns report 
respectively, the absolute and percentage contributions to overall SE inequality in obesity. The 
absolute contribution is the product of the partial CI and elasticity for each factor. If the 
absolute contribution factor of a covariate is negative, this can be interpreted as holding all 
other factors constant, the SE inequality in obesity would be higher if that determinant was not 
present and vice versa for positive contributions. The percentage contribution was obtained by 
dividing the absolute contribution by the SE overall income-related inequality listed in table 1.  
3.5.4.1 Decomposition of socio-economic inequality in childhood obesity among South 
African girls 
Decomposition of socio-economic inequality in childhood obesity among South African girls is 
reported in Table 3. SES had a minimal contribution towards SE inequality in obesity among 
girls. This implies that the inequality observed among girls is explained by other factors rather 
than SES. Race (33.6%), head of household characteristics (27.5%) and a household located in 
the urban region (22.6%) contributed greatly to the inequalities. Black (64.1%) race among the 
categories of race contributed a substantial inequality in obesity. Similarly, household head is 
employed (16.3%) had the main contribution among household head characteristics. 
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Table 3: Decomposition of socio-economic inequality in childhood obesity in among South African girls 
Socio-economic variables 
Concentration index of 
the covariates(CI) 






Socio-economic Status 0.593 -0.003 -0.002 -2.3% 
Variables at Individual level 
Age -0.005 -0.634 0.003* 4.0% 
Race of child 
    
white base base base base 
African Black race -0.078 -0.690 0.054 64.1% 
Coloured race 0.212 -0.074 -0.016 -18.5% 




Illness status of child 0.141 -0.062 -0.009 -10.4% 
Variables at Household level 
Family Structure         
Number of household residents 0.050 -0.260 -0.013 -15.4% 




Caregiver characteristics     
Caregiver of the child     
Mother or father 0.026 -0.033 0.003 3.1% 
Grandparents -0.105 -0.002 0.001 1.0% 
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others base base base base 
Education of the caregiver 
    
Mother or father education 0.072 0.048 0.003 4.1% 
Grandparents education 0.025 0.022 0.001 0.7% 




Characteristics of household head 
    
Head of household is female       -0.058 -0.006 0.000 0.0% 
Head of household is employed 0.230 0.060 0.014 16.3% 




Consumption of ready -made foods in the 
past 30 days 
0.364 0.001 0.000 0.0% 
Contextual variables 
Household location  
    
Rural  Base Base Base Base 
Urban 0.162 0.117 0.019 22.6% 
Place of birth  
    
Otherwise Base Base Base Base 
Hospital -0.059 0.079 -0.005 -5.6% 
Neighbourhood safety 
    
Otherwise Base Base Base Base 
Absence or infrequent gangsters’ 0.013 0.224 0.003 3.4% 
Provinces 
    
Western cape 0.312 0.057 0.018 21.3% 
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Eastern cape -0.246 0.013 -0.003 -3.9% 
Northern cape 0.070 -0.011 -0.001 -0.9% 
Free state 0.021 -0.014 0.000 0.0% 
KwaZulu-Natal -0.019 0.029 -0.001 -0.7% 
North West -0.063 0.025 -0.002 -1.9% 
Gauteng 0.137 -0.046 -0.006 -7.6% 
Mpumalanga 0.013 -0.001 0.000 0.0% 
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3.5.4.2 Decomposition of socio-economic inequality in childhood obesity among South 
African boys 
The Decomposition of socio-economic inequality in childhood obesity among South African 
boys is presented in Table 4. The result showed that socio-economic status (224.0%) was the 
biggest contributor followed by other factors including age (34.9%), race of the child (-24.9%), 
family structure (-22.7%) household characteristics (38.1%) and province (-17.8%). The 
discussion was confined to covariates other than age since age is not regarded as a variable 
open to policy (53). In terms of household head characteristics, the key category was household 
head is employed; whose contribution towards inequality was highest is greater than other 
categories. Furthermore, coloured race (-10.9%) among other categories of the race of the child 
contributed most to the inequality. 
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Table 4 Decomposition of socio-economic inequality in childhood obesity among South African boys  
Socio-economic variables 
Concentration 
index of the 
covariates(a) 






Socio-economic Status 0.549 0.153 0.084 224.0% 
Variables at Individual level 
Age -0.012 -1.114 0.013 34.9% 
Race of  child 
    White race base base base base 
African Black race -0.088 0.022 -0.002 -5.1% 
Coloured race 0.259 -0.016 -0.004 -10.9% 




Illness status of child 0.016 -0.015 0.000 -0.6% 
Variables at Household  level 
Family Structure 
   
 Number of household residents 0.052 -0.080 -0.004 -11.1% 





    Caregiver of the child 
    Mother or father 0.047 0.102 0.003 7.6% 
Grandparents -0.150 -0.015 0.002 4.8% 
other base base base base 
Education of the caregiver  
    Mother or father education 0.079 -0.024 -0.002 -5.2% 
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Grandparents education -0.024 0.019 0.000 -1.2% 




Characteristics of household head 
   
 Head of household is female -0.073 -0.036 0.003 7.0% 
Head of household is employed 0.232 -0.038 -0.009 -23.3% 




Consumption of ready -made foods in the past 
30 days 




   
 Rural  Base Base Base Base 
Urban 0.140 0.025 0.004 9.5% 
Place of birth  0.026 -0.056 -0.001 -3.9% 
Otherwise Base Base Base Base 
Hospital 0.026 -0.056 -0.001 -3.9% 
Neighbourhood safety -0.037 0.044 -0.002 -4.3% 
Otherwise Base Base Base Base 
Absence or infrequent gangsters’ 0.013 0.224 0.003 3.4% 
Provinces 
    Western cape 0.251 0.023 0.006 15.4% 
Eastern cape -0.227 0.047 -0.011 -28.2% 
Northern cape 0.041 -0.009 0.000 0.0% 
Free state 0.003 -0.022 0.000 -0.2% 
KwaZulu-Natal -0.022 0.086 -0.002 -4.9% 
North West 0.003 0.012 0.000 0.0% 
Gauteng 0.095 -0.007 -0.001 -1.7% 
Mpumalanga 0.026 0.025 0.001 1.8% 
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3.5.4.3 Comparison among boys and girls 
In the decomposition analysis, differences and similarities among girls and boys are observed. 
The analyses among boys and girls showed that employed household head and race were 
among the greatest contributors to SE inequality in obesity. Majority of the SE inequalities in 
obesity observed among boys are explained by the direct SES (224.0%) unlike those among girls 
(-2.3%). These differences are due to the large elasticity of obesity with respect to SES in boys 
compared to girls as seen in Table 3 and 4. The differences observed among boys and girls in 
terms of percentage contribution for age, province and household location were also due to 
variation in the elasticities. Family structure contributed 0% and -22.7% respectively among 
girls and boys. The zero contribution of family structure among girls was influenced by a 
negative (household size) and positive (Parents of the child live together) of the variables under 
this category. Other variables included in the analysis but had minimal contribution include: 
neighbourhood safety, illness status, consumption of readymade food, and lastly caregiver 
characteristics. 
Figure 2 is a graphical representation of the decomposition of socio-economic inequality in 
childhood obesity with the percentage contribution from individual, household and contextual 
categories. As seen from the graph, household factors were the greatest contributor to the SE 
in obesity whereas contextual and individual factors are more less the same. Unexplained 
inequality is that part of inequality that is not explained by chosen determinants. The 
percentage contribution of the unexplained inequality was 20.3% and 34.6% respectively for 
both boys and girls. This means that the decomposition model functioned well in explaining SE 
inequality in obesity. 
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Figure 2: Percentage contribution towards SE inequality in childhood obesity 
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3.6 Discussion 
Analysis of 2012 SA-NIDS of children from ages 2 to 14 years shows evidence of a reversed 
social gradient, that is higher SE position has been shown to be associated with higher 
prevalence of obesity among SA children. These results, confirm findings from previous studies 
in SA (14,19,20,54) and add to similar evidence from other LMICs (LMICs) (17,35,55,56) that 
show that obesity tends to increase with higher SES. Noting that in countries undergoing a 
nutritional transition such as SA and Brazil (57–59), while obesity might initially be more 
prevalent in the higher SE groups, as the transition progresses, the obesity burden shifts from 
the rich to the poor (17,60,61). Further studies are needed to monitor the changes in trends of 
obesity prevalence across the different SE groups and adapt public health and clinical practice 
accordingly. 
To our knowledge, this is the first study to formally present CI of female and male obese 
children in South Africa. The CI of obesity in girls (CI=0.1736) was higher than that of boys 
(CI=0.0584), indicating that there were more inequalities in the distribution of obesity for girls 
across SES than boys. These findings are consistent with findings from a study from Ireland, 
middle income countries  (62–64) and South Africa (6,65,66) that found greater inequalities 
among girls compared to boys. The gender differences may be attributed to onset of puberty, a 
period where girls acquire more body fat compared to boys. Physical activity may also influence 
gender differences. A study found South African boys had higher levels physical activities than 
girls, and in both genders, low levels of physical activity were associated with overweight and 
obesity (18). Recently, Feeley et al. (2013) found an association between soft drink 
consumption and increased BMI and fat mass in boys but not girls. This study suggests that 
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dietary habits may contribute to gender differences observed between South African boys and 
girls.  
In order to understand the determinants of these SE inequalities in obesity in both boys and 
girls, the study uses the decomposition by CI method. The decomposition analysis results 
suggest that the determinants of SE inequalities in obesity vary considerably across a range of 
individual, household and contextual factors and by gender of child. This may imply that efforts 
to control obesity cannot rely on solely on direct action to make children eat more healthily and 
be more physically active but requires engagement of all sectors of society to generate effective 
responses for obesity prevention and control. Generally, the main contributors of these 
inequalities among females and males are household factors. These findings are consistent with 
other studies ((25,32,35) that have found household characteristics to contribute to obesity 
inequalities. In boys and girls, household head characteristics such as is employment status of 
household head is one of the main household level factors contributing to inequality. The 
results are in line with previous studies that have found employment status to be associated 
with obesity among children (68,69) through influencing the purchasing capacity of the 
households accompanied by affordability of sedentary recreation gadgets, motorised transport 
and calories availability (70). 
Apart from household factors, race of the child was another factor that contributed greatly to 
the inequalities in obesity. The link between race and obesity, has been observed in a previous 
South African study of grade 9 to 11 students that found that male African Black youth had the 
lowest rates of obesity and overweight whereas among girls, Coloured had the lowest rates 
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compared to African Black and White children (5). Similarly, a recent study among confirmed 
that female gender (especially Black/African and White ethnicity) as a key determinant of 
higher obesity risk in South Africa (71). The suggested reason for why SA black women are at 
risk is related to body image and a preference for a large size (72).  
Furthermore, place of residence is a high contributor to inequalities among the girls. Girls living 
in households located in urban areas contributed greatly to inequalities in obesity. This 
association has been supported by empirical literature that has found children living in an urban 
area to be at risk for obesity or overweight (18,20). In addition, a South African study 
demonstrated that urbanization is an important determinant of obesity in South Africa(71) 
moreover urbanization  has been linked to an increase in dietary fat  intake (associated with 
increased prevalence of obesity)(73). 
In considering our results and their policy implications, it is worth stressing that the cross-
sectional nature of the available data, does not attempt to identify causal pathways. This means 
that while vital determinants of SE inequalities of childhood obesity have been identified in this 
paper, further work (longitudinal study) is required before direct policy interventions based on 
the findings should be pursued. Another limitation of the study was lack of data on the likely 
determinants of childhood obesity such as physical activity, community recreation centres. 
Lastly in the decomposition analysis the linear regression model was used despite the fact that 
health outcome was binary in nature. 
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3.7 Conclusion 
This paper provided an analysis of the SE inequalities in obesity amongst South African children. 
The results of this study are consistent with evidence from other LMICs (Brazil) and HICs 
(United States) that suggest that obesity will in the initial period follow a reverse social gradient 
and thereafter increasingly be associated with the poorer. Therefore, there is a need for 
continuous surveillance to monitor changes in obesity epidemic over time across SES. In 
addition, the results of this study suggest the need for further research to better understand 
the underlying determinants contributing to the gender differences in childhood obesity in SA. 
Finally, notwithstanding the cross sectional and other limitations, the findings suggest that both 
childhood obesity prevalence and inequalities are complex issues that may require coordinated 
policy and programmatic interventions at individual, household and contextual level. 
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3.8 List of Abbreviations 
SA South Africa 
SE Socio-economic 
SA-NIDS South African National Income Dynamics Survey 
IOTF international Obesity Task Force 
BMI Body Mass Index 
CI Concentration Index 
SES socio-economic Status 
HIC   High Income Country 
MIC Middle Income Country 
NCDS Non communicable diseases 
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3.10 End note 
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4 PART D: POLICY BRIEF 
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Socio-economic inequalities of childhood obesity in South Africa 
 
To what extent do socio-economic inequalities in childhood obesity exist and what 









Childhood obesity is a public health concern. In South Africa, studies have found high 
prevalence rates of childhood obesity. The devastating consequences of childhood obesity are 
not only limited to physical but also psychological wellbeing and in turn may lead to non-






This policy brief is based on a study that assessed the extent of socio-economic inequalities in 
childhood obesity using a nationally representative South African Survey: National Income Dynamics 
Survey (NIDS). In addition, the study identified the determinants of obesity driving these inequalities. 
This study was submitted as a mini-dissertation by Brenda Nakimuli to the Health Economics unit, 
Faculty of Health sciences at the University of Cape Town under the supervision of Dr. Olufunke Alaba 
and Veloshnee Govender. 
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4.1 Executive summary 
Childhood obesity is a public health concern. The devastating consequences of childhood 
obesity are not only limited to physical but also psychological wellbeing and in turn may lead to 
non-communicable diseases (NCDs) and which have long-term economic consequences. In 
order to contribute useful insights for developing effective obesity policy and programme 
interventions, this study assessed socioeconomic (SE) inequalities related to childhood obesity 
in South Africa. 
This study found out that the burden of obesity is concentrated among children from higher SE 
groups, implying that children who belong to a high SE group are at increased risk of obesity. 
The study also identified the household level factors (i.e. characteristics of household head in 
both boys and girls) compared to other contextual and individual factors are the major 
determinants of obesity that are driving these differences in the burden of obesity across 
different SE groups. SES was the main contributor to SE inequality in obesity among boys 
followed by race (i.e. Coloured), and age whereas a household location (i.e. urban region) and 
race (i.e. African Black) were the main contributors amongst girls. These findings suggest that 
there is a continuous need for surveillance of obesity in children over time across SES especially 
in low and middle income countries. Finally, the results suggest that both childhood obesity and 
inequalities are complex issues with different underlying determinants that may vary by SES, 
gender and that require coordinated policy and programmatic interventions at the individual, 
household and contextual level.  
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4.2 Introduction 
Obesity has become a public health concern in low- middle income countries (LMICs) especially 
among those undergoing economic transition such as South Africa (SA) (Ng et al. 2014). This is 
because economic growth fuels industrialisation and urbanization where high-calorie consumption 
is sparked off by readily available 
low priced high calorie foods 
(Monteiro et al. 1995). This 
nutrition transition is followed by 
limited time and fewer 
opportunities for recreational 
exercise (Popkin 1994). In SA, the 
prevalence rates of childhood obesity are said to be at par with that of many industrialised nations 
(e.g. USA), ten years ago and amongst the highest in Africa (Reddy et al. 2009). Obesity in children 
in addition to carrying health and psycho-social risks associated with NCDs (Steinberger 2003; 
Mathur et al. 2007; Lee 2007; Hannon et al. 2005; Ebbeling et al. 2002; Strauss 2000; Karnik & 
Kanekar 2012) also often leads to adult obesity and its associated morbidity and mortality 
(Lobstein et al. 2004; Power et al. 1997). The analysis of SE inequalities related to childhood 
obesity may identify entry points 
for targeted obesity prevention 
policies and interventions. The 
purpose of this policy brief is to 
Box 1: what is obesity? 
Obesity is a malnutrition disorder that is characterized by 
abnormal or excessive fat accumulation which is positively 
associated with adverse effects on health and wellbeing of an 
individual (World Health Organization 2015a) 
 
Box 2: what are socio-economic inequalities in obesity? Socio-
economic inequalities in obesity refers to differences in the 
distribution of obesity that is related to individual socio-
economic status in the society 
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present the extent of SE inequalities related to childhood obesity (children from the age 2 to 14 
years) in SA. Despite the fact that measuring SE inequalities in health is urgently needed for 
education, and advocacy among the general public and decision makers, these measures may not 
be sufficient to bring about a sustainable change on their own (Victora et al. 2003). Therefore, for 
more effective policies to be developed, unraveling and quantifying the determinants of SE 
inequalities in childhood obesity is recommended (Uthman 2009). Therefore, this policy brief 
examines this issue using the 2012 National Income Dynamics Survey (NIDS). 
4.3 Are there any differences in the distribution of obesity across the different SES groups? 
Figure 1 presents the distribution of obesity across different SE groups and gender. Obesity is 
greater among children with higher socio-economic status. Moreover, this distribution was 
greatest among girls compared to that among boys across almost all SE quintiles. 
Figure 1: showing percentage distribution of obesity by socioeconomic status 
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4.4 Socioeconomic inequalities in childhood obesity and their determinants 
The concentration index (CI) was the method used to measure SE inequalities in childhood 
obesity. The study found a positive CI in both boys and girls. A positive CI means that the 
burden of obesity is concentrated among the rich households. Furthermore, the CI was greater 
among girls compared to boys implying that the burden of obesity is greater among girls from 
rich households compared to boys from rich households (greater SE inequalities among girls 
compared to boys). Upon further investigation, the factors that contribute to SE inequalities are 
an interplay of individual, household and contexual level factors. The greatest contributors of 
SE inequality in obesity were household level factors in both boys and girls as shown in Figure 
two. The positive percentange contribution on the graph can be interpreted as holding all other 
factors constant, the SE inequality in obesity would be lower if that determinant was not 
present and vice versa for negative contributions. When factors at household level were 
examined, it was found that household head characteristics (i.e. employment and marital 
status) in both boys and girls contributed the highest towards SE inequality. The factors at 
individual level that greatly contributed to the SE inequality in obesity was race in both genders. 
At contexual level, household location (household located in an urban region) and province 
contributed to SE inequality in obesity respectively among both boys and girls. 
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Figure 2: Percentage contribution to SE inequality in childhood obesity 
 
4.5 Policy Recommendations 
The results of the study have significant and key policy messages for South Africa and other 
LMICs:  
 Continuous surveillance of obesity among children across SE groups is needed in LMICs  
 When developing strategies to reduce SE inequalities in obesity among children, there is 
need to pay attention to gender since underlying determinants might differ requiring 
differentiated and targeted strategies. 
 The findings suggest that SE inequalities in obesity are complex issues that require 
coordinated policy and programmatic interventions at individual, household and 
contextual level. However, because of the cross-sectional nature of the study, a 
longitudinal study is required for more targeted interventions taking account of the 
influence of individual, household and contextual level with respect to gender. 
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This section provides general style and formatting information only. Formatting guidelines for 
specific article types can be found below.  




Study protocol  
Systematic review  
General formatting guidelines  
Preparing main manuscript text  
Preparing figures  
Preparing tables  
Preparing additional files  
Back to top  
Preparing main manuscript text  
Quick points:  
Use double line spacing  
Include line and page numbering  
Use SI units: Please ensure that all special characters used are embedded in the text, otherwise 
they will be lost during conversion to PDF  
Do not use page breaks in your manuscript  
File formats  
The following word processor file formats are acceptable for the main manuscript document:  
Microsoft word (DOC, DOCX)  
Rich text format (RTF)  
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TeX/LaTeX (use BioMed Central's TeX template)  
Please note: editable files are required for processing in production. If your manuscript contains 
any non-editable files (such as PDFs) you will be required to re-submit an editable file if your 
manuscript is accepted.  
Note that figures must be submitted as separate image files, not as part of the submitted 
manuscript file. For more information, see Preparing figures below.  
Additional information for TeX/LaTeX users  
Please use BioMed Central's TeX template and BibTeX stylefile if you use TeX format. When 
submitting TeX submissions, please submit your TeX file as the main manuscript file and your 
bib/bbl file as a dependent file. Please also convert your TeX file into a PDF and submit this PDF 
as an additional file with the name 'Reference PDF'. This PDF will be used by our production 
team as a reference point to check the layout of the article as the author intended. Please also 
note that all figures must be coded at the end of the TeX file and not inline.  
All relevant editable source files must be uploaded during the submission process. Failing to 
submit these source files will cause unnecessary delays in the production process.  
TeX templates  
BioMedCentral_article (ZIP format) - preferred template  
Springer article svjour3 (ZIP format)  
birkjour (Birkhäuser, ZIP format)  
article (part of the standard TeX distribution )  
amsart (part of the standard TeX distribution )  
Style and language  
For editors and reviewers to accurately assess the work presented in your manuscript you need 
to ensure the English language is of sufficient quality to be understood. If you need help with 
writing in English you should consider:  
 
• Visiting the English language tutorial which covers the common mistakes when writing in 
English.  
• Asking a colleague who is a native English speaker to review your manuscript for clarity.  
• Using a professional language editing service where editors will improve the English to ensure 
156 | P a g e  
 
that your meaning is clear and identify problems that require your review. Two such services 
are provided by our affiliates Nature Research Editing Service and American Journal Experts .  
 
Please note that the use of a language editing service is not a requirement for publication in the 
journal and does not imply or guarantee that the article will be selected for peer review or 
accepted.  
Data and materials  
For all journals, BioMed Central strongly encourages all datasets on which the conclusions of 
the manuscript rely to be either deposited in publicly available repositories (where available 
and appropriate) or presented in the main paper or additional supporting files, in machine-
readable format (such as spread sheets rather than PDFs) whenever possible. Please see the list 
of recommended repositories in our editorial policies.  
For some journals, deposition of the data on which the conclusions of the manuscript rely is an 
absolute requirement. Please check the Instructions for Authors for the relevant journal and 
article type for journal specific policies.  
For all manuscripts, information about data availability should be detailed in an ‘Availability of 
data and materials’ section. For more information on the content of this section, please see the 
Declarations section of the relevant journal’s Instruction for Authors. For more information on 
BioMed Centrals policies on data availability, please see our [editorial policies].  
Formatting the 'Availability of data and materials' section of your manuscript  
The following format for the 'Availability of data and materials section of your manuscript 
should be used:  
"The dataset(s) supporting the conclusions of this article is(are) available in the [repository 
name] repository, [unique persistent identifier and hyperlink to dataset(s) in http:// format]."  
The following format is required when data are included as additional files:  
"The dataset(s) supporting the conclusions of this article is(are) included within the article (and 
its additional file(s))."  
BioMed Central endorses the Force 11 Data Citation Principles and requires that all publicly 
available datasets be fully referenced in the reference list with an accession number or unique 
identifier such as a DOI.  
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For databases, this section should state the web/ftp address at which the database is available 
and any restrictions to its use by non-academics.  
For software, this section should include:  
Project name: e.g. My bioinformatics project  
Project home page: e.g. http://sourceforge.net/projects/mged  
Archived version: DOI or unique identifier of archived software or code in repository (e.g. 
enodo)  
Operating system(s): e.g. Platform independent  
Programming language: e.g. Java  
Other requirements: e.g. Java 1.3.1 or higher, Tomcat 4.0 or higher  
License: e.g. GNU GPL, FreeBSD etc.  
Any restrictions to use by non-academics: e.g. licence needed  
Information on available repositories for other types of scientific data, including clinical data, 
can be found in our editorial policies .  
References  
See our editorial policies for author guidance on good citation practice.  
All references, including URLs, must be numbered consecutively, in square brackets, in the 
order in which they are cited in the text, followed by any in tables or legends. The reference 
numbers must be finalized and the reference list fully formatted before submission. For further 
information including example references please read our reference preparation guidelines.  
What should be cited?  
Only articles, clinical trial registration records and abstracts that have been published or are in 
press, or are available through public e-print/preprint servers, may be cited.  
Unpublished abstracts, unpublished data and personal communications should not be included 
in the reference list, but may be included in the text and referred to as "unpublished 
observations" or "personal communications" giving the names of the involved researchers. 
Obtaining permission to quote personal communications and unpublished data from the cited 
colleagues is the responsibility of the author. Footnotes are not allowed, but endnotes are 
permitted. Journal abbreviations follow Index Medicus/MEDLINE.  
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Any in press articles cited within the references and necessary for the reviewers' assessment of 
the manuscript should be made available if requested by the editorial office.  
How to format your references  
Examples of the BioMed Central reference style are shown below. Please ensure that the 
reference style is followed precisely; if the references are not in the correct style, they may 
need to be retyped and carefully proofread.  
Web links and URLs: All web links and URLs, including links to the authors' own websites, should 
be given a reference number and included in the reference list rather than within the text of 
the manuscript. They should be provided in full, including both the title of the site and the URL, 
as well as the date the site was accessed, in the following format: The Mouse Tumor Biology 
Database. http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May 2013. If an 
author or group of authors can clearly be associated with a web link, such as for weblogs, then 
they should be included in the reference.  
Authors may wish to make use of reference management software to ensure that reference 
lists are correctly formatted.  
Example reference style:  
Article within a journal  
Smith JJ. The world of science. Am J Sci. 1999;36:234-5.  
Article within a journal (no page numbers)  
Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen MU, Egeberg R, Tjønneland A, et al. 
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Article within a journal by DOI  
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Article within a journal supplement  
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Book chapter, or an article within a book  
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Online document  
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When preparing figures, please follow the formatting instructions below.  
Figures should be provided as separate files, not embedded in the main manuscript file.  
Each figure of a manuscript should be submitted as a single file that fits on a single page in 
portrait format.  
Tables should NOT be submitted as figures but should be included in the main manuscript file.  
Multi-panel figures (those with parts a, b, c, d etc.) should be submitted as a single composite 
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manuscript, not in the graphic file.  
Figure keys should be incorporated into the graphic, not into the legend of the figure.  
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other elements when the accepted manuscript is prepared for publication on our site. For more 
information on individual figure file formats, see our detailed instructions.  
Individual figure files should not exceed 10 MB. If a suitable format is chosen, this file size is 
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Please note that it is the responsibility of the author(s) to obtain permission from the copyright 
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Permission should be indicated in the figure legend, and the original source included in the 
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Figure file types  
We accept the following file formats for figures:  
EPS (suitable for diagrams and/or images)  
PDF (suitable for diagrams and/or images)  
Microsoft Word (suitable for diagrams and/or images, figures must be a single page)  
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For information and suggestions of suitable file formats for specific figure types, please see our 
author academy .  
Figure size and resolution  
Figures are resized during publication of the final full text and PDF versions to conform to the 
BioMed Central standard dimensions, which are detailed below.  
Figures on the web:  
width of 600 pixels (standard), 1200 pixels (high resolution).  
Figures in the final PDF version:  
width of 85 mm for half page width figure  
width of 170 mm for full page width figure  
maximum height of 225 mm for figure and legend  
image resolution of approximately 300 dpi (dots per inch) at the final size  
Figures should be designed such that all information, including text, is legible at these 
dimensions. All lines should be wider than 0.25 pt when constrained to standard figure widths. 
All fonts must be embedded.  
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Figure file compression  
Vector figures should if possible be submitted as PDF files, which are usually more compact 
than EPS files.  
TIFF files should be saved with LZW compression, which is lossless (decreases file size without 
decreasing quality) in order to minimize upload time.  
JPEG files should be saved at maximum quality.  
Conversion of images between file types (especially lossy formats such as JPEG) should be kept 
to a minimum to avoid degradation of quality.  
If you have any questions or are experiencing a problem with figures, please contact the 
customer service team at info@biomedcentral.com .  
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When preparing tables, please follow the formatting instructions below.  
Tables should be numbered and cited in the text in sequence using Arabic numerals (i.e. Table 
1, Table 2 etc.).  
Tables less than one A4 or Letter page in length can be placed in the appropriate location within 
the manuscript.  
Tables larger than one A4 or Letter page in length can be placed at the end of the document 
text file. Please cite and indicate where the table should appear at the relevant location in the 
text file so that the table can be added in the correct place during production.  
Larger datasets, or tables too wide for A4 or Letter landscape page can be uploaded as 
additional files. Please see [below] for more information.  
Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xls ) or 
comma separated values (.csv). Please use the standard file extensions.  
Table titles (max 15 words) should be included above the table, and legends (max 300 words) 
should be included underneath the table.  
Tables should not be embedded as figures or spreadsheet files, but should be formatted using 
‘Table object’ function in your word processing program.  
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Color and shading may not be used. Parts of the table can be highlighted using superscript, 
numbering, lettering, symbols or bold text, the meaning of which should be explained in a table 
legend.  
Commas should not be used to indicate numerical values.  
If you have any questions or are experiencing a problem with tables, please contact the 
customer service team at info@biomedcentral.com .  
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Preparing additional files  
As the length and quantity of data is not restricted for many article types, authors can provide 
datasets, tables, movies, or other information as additional files.  
All Additional files will be published along with the accepted article. Do not include files such as 
patient consent forms, certificates of language editing, or revised versions of the main 
manuscript document with tracked changes. Such files, if requested, should be sent by email to 
the journal’s editorial email address, quoting the manuscript reference number. Please do not 
send patient consent forms unless requested.  
Results that would otherwise be indicated as "data not shown" should be included as additional 
files. Since many web links and URLs rapidly become broken, BioMed Central requires that 
supporting data are included as additional files, or deposited in a recognized repository. Please 
do not link to data on a personal/departmental website. Do not include any individual 
participant details. The maximum file size for additional files is 20 MB each, and files will be 
virus-scanned on submission. Each additional file should be cited in sequence within the main 
body of text.  
If additional material is provided, please list the following information in a separate section of 
the manuscript text:  
File name (e.g. Additional file 1)  
File format including the correct file extension for example .pdf, .xls, .txt, .pptx (including name 
and a URL of an appropriate viewer if format is unusual)  
Title of data  
Description of data  
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Additional files should be named "Additional file 1" and so on and should be referenced 
explicitly by file name within the body of the article, e.g. 'An additional movie file shows this in 
more detail [see Additional file 1]'.  
For further guidance on how to use Additional files or recommendations on how to present 
particular types of data or information, please see How to use additional files .  
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